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ABSTRACT ( 

One area of research with computer- based systems fat - 
storage and retrieval of science information is the delivery of 
knowledge required by users rather than citations to documents which 
contain the needed knowledge. 4 TJ*e„ .purpose of thi^ project was to 
identify the kiEds^pf u derivatij4e-~inf orma tion products needed by -users 
o.f science information and to delineate characteristics of the aser 
and v his work^which determine how the products should *be designed. 
' Identification" of derivative information prcdud heeds was^ 1 
accomplished through structured interviews "with 14 researchers (f 4 r£n 
three institutions) and 12 teachers (from two school systems) active' 
in environmental science. Product 'design criteria were determined 
t-hrough carse studies with two researchers and two teachers to develop 
products re lative .to' their current work regfuirenents. Re^archeas 
shared a need for eight derivative information products which were 
grouped into: [*\) content related products, (2) method related 
products, and (3J> special data storage and Retrieval products. Four 
of the eight information products described by the high school 
teachers were s.imij_ar i& structure tc those identified by the 
researchers. Specific derivative information products we.re prepared 
for the researchers and^teachers by . information specialists* 
according to their needs?%s determined by tne case studies. Materials 
for teachers wer,e selected to assist in lecture and laboratory, 
preparation and to provide audiovisual presentations for the 
classroom. Results of the research demonstrate^ a ne^d for derivative 
information Jpraclucts which can be prepared by infQr Ration specialists 
on the "basis of interviews -with use-rs^. {Author/JAB) ' ' 
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( ABSTRACT • 

'One area of research with computer-based systems fop storage and • 
retrieval of science information is the delivery of knowledge' required 
by users rather than citations to documents which contain the needed knowledge 
The outputs of these future'systems are assumed to b'e derivative information.' 
products whose content and format characteristics Match the specific need'/ - 
characteristics of the individual user. The purpose of the present effort was.. , 
to identify the kinds of derivative information products needed by users of 
science information, and to delineate some of the characteristics of the user ' 
and his work which determine how_ the product should be'designed . 

The identification of main categories of derivative information product 
needs was accomplished through structured interviews with fpurteen researchers 
and twelve teachers active in the field of environmental science . , The de- ^ 
lineation of product design criteria for individual users was accomplished 
in case- study fashion, working in an on-line mode with two researchers 'and 
two teacherq to develop specific derivative information products in'response" 

'* 

to their current work requirements . - • 

> 

' . Researchers were found to share a common need for eight derivative 
information products which were grouped into three classes as follows: 

» * 

• Content Related' Products: Variable lists, chemical/physical/ 
behavioral characterization of variables ^effects of variables on 
selected, sets off other variables . * 

• Method Related Products: Descriptions of major methodological • 
approaches, procedural guides, alternative instruments for* 
measurement and analysis. • - • , . 

• • Special Data Storage and..Retrieval Products: Charts/maps for ( 
research site selection, baseline data on selected, site . * 

Four of the eight information products described by the high school ^ 

teachers were similar in structure to those identified by the -researchers . ^ 

These were variable,,characterizations, effects pf variables on selected sets ' 
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of othfr variables, procedural guides and baseline data . The four other 
products identified by the high school teachers were lists ofjopjd environ- 
mental organizations, descriptions of effective' teaching methods/ char- 
acterizations of available laboratory exercises and' pollution standards foe 
local streams . . ■ 

Specific derivative information products were prepared by information- 
al > 

specialists with no. particular training in the user's field of expertise. The 
specific design of each product prepared for the two researchers reflected the 
user's pre-sent knowledge of the problem, the decision-task in the overall . 
research process which he needed to resolve, thfwayin which he structured 
the variables of concern, and the strategy by which he chose to approach the 
problem. Type of content presentation depended upon the sophistication or 
stage of development of l£e problem area . For 1 well-developed content areas 
he needed the barest of results summaries as best presented in charts, gragh 
tables or figures; for problems in an early stage of development he needed mc 
discursive content, particularly exerpts from Discussion sections of journal 
articles where the author's idees are presented about what the results mean. 

Product design criteria for the teachers, on the other hand, were based 
on x characteri sties of the student population for which the products \vere in- 
tended. Topics were chosen which were most salient to their day-to-day 
experiences. Only the most well-established facts were needed; presented 
in the most straight forward manner! ' As with the researchers, graphic 
representations of concepts and data were found to be most desirable. 

Overall the results of the current work document. th^need for derivative 
information products, and demonstrate that highly acceptable products' can. 
be prepared by information specialists on the basis of structures determined 

4 

in task fa^ly sis interviews with the user. > V > t 
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IDENTIFICATION AND PREPARATION Of DERIVATIVE INFORMATION PRODUCTS 
REQUIRED. BY SELECTED USERS OF SCIENCE INFORMATION 

t 

• ' ' Y. INTRODUCTION - • • , 

A , Rationale . . 

. It 'is generally assumed that the information requirements of scientists 
as Users are notjreadily satisfied by the infcprmation provided by scientists" 
as producers. Formats of journal articles, textfe, handbooks afid the like 
are structured to accommodate the details of an experiment, problem area 
review, d$ta compilation, • etc. , based on the orientation and perspective of 
-the producer at. a given time in the development of the content area of con- 
cern. A scientist as user on the other hand, encounters an information re- v , 
.quireaiont in another time and from a unique background of .education, ex- 
perience and, expertise . His specific information problem arises in the course 
of his 'work as researcher , teacher, advisor to policy decision makers , etc. 
The information he -needs is contained in the scientific literature but is not 
directly accessible in the form required. He must locate and review/a large 
number of original, articles in order to compile information relative to a very 
limited content area or'question. He needs a derivative information product 
and he typically constructs it himself since the product 1 *; usefulness , depends 
^Ijpon the interplay of factors best known, by him: what he already knows about 
the content, his approach tc5 the problem solution, the specific task or decision 
the product is to support; whether he will use it himself or provide it to his 
students, etc. All of these and potentially other highly individual and time- 
dependenjt characteristics t ijf both the scientist-user and the , context of his 
work specify the utility characteristics of the derivative information product. 
Present information systems retrieve citations and deliver documents to the 

/ * 4 » 1 

user; if. more were known about the derivative information products he gener- " 
ates from the documents, perhaps future systems could scan and exerpt docu- 
ments according to the specific characteristics of the individual user f s needs. 



The current project was undertaken as a beginning effort to .empirically 
document the existence of derivative information products and provide initial* 
answers to the following questions: 

• What are the main categories of derivative information ^products ' 
generated by user scientists in research and teaching role's?? 

• 'Under what circumstances does the need for derivative products 

occur in research, and, teaching activity? ' . 

• What ^criteria guide the design and formal of derivative information 
products? 

• Ca.n scientist-information specialist interactions be developed ^ 
in which derivative information products needed by the scientist < 
can be created by the information specialist? 

B. Scope and Conduct 

The project participants Were a small sample of researchers and teachers 
working m the environmental sciences. The environmental science area was 
selected because it provides a common problem context and at the same time 
involves the u^e of information from a variety of disciplines . It was*felt 
that a comtnon context would facilitate "comparisons between participants 
while the interdisciplinary nature of the area would provide experience ^in 
approaching .the literature in several -scientific fields such as physics, 
chemistry, biology; etG-^The two job roles of researcher and teacher were 
selected because scientists i'n these roles place a high demand on the 
scientificJjtei^ur^^Mditionally, the^differences in purposes 'and perspec T 
Hves of these two groups were considered as possible_sources of variation 
tin information product format requirements. AdBmall sample*was used.because 
of the in-depth, exploratory character of the project. 

The project was conducted as a two-ph.ase effort. The first phase was u 

'devoted to^the identification of major categories of derivative information 

, _ <« 

products either used or desked by researchers and teachers. This was ac- 
« * 
complished .by a series of in-depth interviews with eacfr participant directed 



at describing actual practices of creating products from original sources in 
. support of research, and teaching related tasks . The second phase involved 
the devejopment of prototype products based on the characterizations developed 
•in the. first* phase. ^The* participants in this second phase were two teachers 
and two researchers . The work required intensive, analysis of task needs / 
elaboration of 'appropriate product formats .from phase one, and the selection 
and compilation of relevant information into responsive information products. 
.Product creation was accomplished vylth the assistance of graduate students 
attending the College of Library and Information Services at the Umversity 
of Maryland. Completed products were provided to the scientists for review 
and comment. All products were accompanied by the full set pf documents 
used' in product development. Each scientist was asked to examine products 
for ease bf use, for completeness and for appropriateness of organization. 
One of the major concerns was whether the* material included in the protects 
was adequate to the scientists information need or whether J:his material 
needed to be -supplemented by sections of selected documents which were 
not included in the products • ' 
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II . INFORMATION NEEQS AND PRODUCTS REffUIREM ENTS . 
« 

" This section of the report describes the procedures and results ass<jci- 
ated with' the information requirements analysis phase of the project. 
Specifically, it" presents detailed characterizations of the researcher and , ^ 
teacher participants, of the task analysis procedures, of the basic research' , 

\ • v k ' 1 

and 'teaching tasks^of the 1 information needs associated with each task'and of - 
the.products required to meet the.se needs. - 

A, Researchers - w 
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^ 1 . k Participants and Procedures % * * % 

Fourteen Ph. D. scientists engaged in problem-oriented environmental 

research projects were selected as participants. Table 1 shows the insti- 

tutional affiliation, the specialty and the project area of each researcher. 

Three institutions are represented in the sample: University of Maryland 

with six participants, .Chesapeake Biological Laboratory with six participants 

and the Smithsonian Institution with two participants. With regard to areas of 

specialization, twelve of the fourteen researchers classified themselves in « 

stib'fields of biology., onk iii chemical engineering and one in biochemistry . ] 

The speci'fic projects being conducted covered a wide raiicje of topics 

including population dynamics and species competition among paramecia, H 

" ; e « ' • y 

dietSry requirements of blye crab larvae, and* patterns of genetic variations in 

white pines ^ Some of these projects were conducted in the field and some 
were conducted in the laboratory. Sfome involved variable 'manipulation and 
others involved variable observation and measurement. 

In-de^th interviews were held with each researcher for purposes Si 
identifying project-related, information needs and the preferred f formats fqr^pre- 
senting the needed information. These interviews-were structured around the 
tasks performed in contacting a research project.' This task'approach focused * 



Table 1., Researcher Participants 



. Location * 


^ Speciality 


Project ' 


University of Maryland • 






• Zoology Department % 


Evolutionary 
Eiologist 


Population dynamics and specif 
competition among paramecia . - 


I- ■ •. 

i 

• 


Aquatic'Ecologist 


Distribution patterns of aquatic 
insects as a function of environ- , 
mental gradients 1 



Behavioral 


Na'ture of inter-specie^ 


— tv- 
; competi- 


Ecologist 


tion for food and habiia 


jt resources . 



Protozoolog'ist 
3^'eu^>biologist 



• Botany Department 




Chesapeake Biological Marine Biologist 
.Laboratory % (3) 



Chemical 
Engineer 



— —*7+^ — 

"Physiological 
Ecologist 



Zooplankton * 
Biologist 



Taxon&mic and m6fphb|logic class- 
ification of filiates. \\ 



Effects of aspirin and 'aspirin 
analogs on jtfell membreh f^ potential . 



Patterns of genetic, variations in v 
white pine and the effects of en- 
vironmental conditions. 

— ^ — ' • ^ H ^-f 

• Significance of striped bass * 
spawning ground in upper ": 
" Potomac River; ? 

Diet,pf blue crab larvae at t 
various developmental stages. - * 

© Effects of'cjr'edged spoil dumping- 
op shell fish population . 

<* Environmental requirements for 
culturing. oysters in the laboratory 
on a large-scale. ■ * * - 



Hydrologiccharacteristics of the' 
upper Potomac River, , 



Application of electrophoresis to 
differentiation among black ducks, 
mallards" arid hybrids . 



Living carbon as a source of food 
for zooplankton. 
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Table 1, Researcher' Participants (Continued) 



Location * , 


Specially 


Project ( 


Smithsonian Institute 
• Rhode River Project 


Biochemist 


. 'Phosphorus recycling through 
forests, . 


• Radiation Biology " 
Laboratory % * 


Environmental 
Physiologist 


Marsh productivity as measured 
by carbon exchange, ^ 
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the discussion with the researches on the 1 step-by-step process of imple- 
menting a .research project. Bach of these steps has a potential for gefier- 
ating the need for information support either to complete that st^p or to initiate 
the next step. Two interview guides were developed: one included an out- . 
'line .of task.areas and questions related to laboratory manipulation research, 
the other listed tasks required in field observation projects, (S§e Appendix ft.) 
Each outline was composed' ol ten jnaj or tasks.. Several of ttfe tasks were 
common to both types of projects , These were: p 

• E)efine research problem. , 
. [ # Select or develop apparatus . • 
;* • Select measurement methods - 

Collect kata ' * y 

Analyze 

• Interpret 

• Report results • 

Those tasks that were Bniqt!e to. thfc field observation projects included 
characterization of the^esearch environment, selection of spec>fic research 
- site(s) and development of a 'data collection and sampling plan.^ The tasks • 
specifically associated with laboratory manipulation projects were Identifi- 
cation and description of independent variables, development of experimental 
design, and maintenance and culturing of organisms in The laboratory. „ 
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The first step in each interview was to describe the purpose of the meeting 
to. the researcher. The purpose being to identify information needs and pre- 
sentation formats v associated with the conduct of a research project. The second 
step involved having the-researcher select for discussion a recently completed - 
or. on-going project r which required information support at one or more stages . 
Third, the researcher was a^ked to review the two interview guides and 
choose the one which best matched the selected project. The fourth step 
in the interview process wa's the step-by-step discussion with the researcher . 
concerning each task", the information needs or questions associated, with that 
task, and the information products either created or desired by the researcher - 
to allow for most efficient use. The average length of these initial interviews 
was one and one-half to two hours. . r * *~ 

The results from the interviews were summarized and the^potentially useful 

information products, listed . Structural outlines were then created to char- n 

acterize each identified product. A second set of interviews was conducted 

with the- researchers to modify and elaborate, the product outlines f " * 

2. Results- % 
- ■ * 

All of tbejr^earch projects di^|ussed ia the interviews were 
problem oriented angl in most cases the researchers were concerned with 
applying a familiar methodology to a new content area or to a new set of 

* * * Vii , 

environmental' 'conditions. The results of the interviews led to the identifi- 
cation of eight information products. Table 2 shows the relationships between 
information products and research tasks; some of the products were' identified 
as^being useful for more than one task. Three of the tasks, develop _experi- >, 
mental design, collect data and prepare report, did not require any direct 
information support for the sample of researcher participants. Development 
of the experimental design relies on knowledge gained in the accomplishment 
of other tasks sucH*a's selection of variables and selection of methods and, 4 
therefore, indirectly draws on the information products supporting those tasks . 



Table 2. ^search Tasks With information Products 



Research Tasks 



Information Products^ 



1 . Define Research Problem 




• List of variables related to problem 
area . { 



2 . Describe and Select 
. , Variables 



• List of variables related* to problem 
area . / 



• Characterizations- of variables in terms 
of physical/chemical/behavioral 
properties . < 

• Effects of a selected variable' on other 
variables . 



3 . Characterize Reseafch 
Environment 



• Charapterization of variables in terms 
. of physical/chemical/behavioral 
/ '^poperties;. ** 

'• Effects of selected variables on other 
variables'. 



4. Select Research Site(s) 




• Maps^ind charts specifying topo- 
graphical information. 

• Baseline data on selected variables 

* * , 

such as rainfall, -distribution of 
biota, etc.,. % . « ~ 



Sel'ect Research/Methods 



•.Descriptions of major methodological 
alternatives. < • 



6. Maintain/Qulture Sample 
Organisms 



Procedural guides for s&rripliflg, 
culturing , etc . \ 



7 v Select/Develop 1 Api^ra^tus 



- m Characterizations of alternative instru- 
ments for measi^rement.and analysis, of 
selected variables . 



8 Develop Data Coliectipn vl 6nd 
: Sampling Plan 



• Procedural guides for sampling^ 
*culjuring, etc* 



\ 



\ 



* * 
Table 2. Research Tasks with Information Products (Continued);*' 

| 2 



Research Tasks 

s 



. 9 . Analyze and Interpret Data 



-^Information Products 



• Characterization of variables in terms 
of physical/chemical/behavioral 
properties . 

4 Effects of selected variables on other 
variables . * 

• Baseline data on selected variables s 
such as rainfall, distr'ibutidh of 
biota * etc . 

• Descriptions of major tnetKodological 
alternatives. ' , ' 



,Dat£ collection is the implementation of the methodology and procedures < - 

% . >''-:> 

Report preparation is*the .written presentation of the project and -derives indirect 
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support frorfi all information products . 

^ The identified information products fall three 'general classes: 
content-related products, method-related products , and special data storage 
and presentation products* The specific products in. the content class are: 

• Lists of variables related to the research problem.. 3 * 

• Characterization of variables in terms of physical/chemical/ 
behavioral properties . . ' * '.. , y 

• Effects of selectpd variables on other v t ariable§ or variable 
combinations . ' i .4 

Variable lists were mentioned as desirable by. three of the researchers/ In 

all cases these lists were used in the tasks of bounding the problem area and 

selecting variables to include in the study. One example of this product is a 

list of marsh plants ordered in terms of abundance in Chesapeake, Bay, Another 

example is a^list of environmental factors J:hat could influence growth rates 

In white pines. Characterization of variables in terms of physical/chemical/ 

behavioral properties was identified as a useful produgt in the tasks of 
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variable selection and results interpretation by nine" researchers .' This product 
■• • can be thought of in terms of a matrix with the rows listing the variables * 
*md the columns listing the characteristics . Some specific examples are 
physical a nd'bio logical characteristics of trout streams at different elevational 
' gradients; morphological and behavioVal characteristics' of black ducks, 
mallards and hybrids; chemical and physical properties of v Vapirin and aspirin 
analogs . ' Variable interactions or the effects of one variable on another was 
mentioned by five researchers as a product need for two project tasks: 
selection of .variables and interpretation of results. This product is structured 
to present , results summarie*s from the professional literature primarify in the . 
form of/tables and figures . These summaries provide the researcher with a 
* Utter understanding of the.variables under consideration, as'well as with a 
basis for comparing data resulting from his/her current research efforts . An 
example here is pe, requirements know more about how -environmental con- 
ditions affect growth rates in white pines .'.'There were no differences between 
field and laboratory researchers in their expressed needs for content-related 

products . ; •>{,..<' 

. -The second class of products, thoste dealing with methodology and pro- 

* • . » . ' * 

?: < cedures include: \ ' 4 t: 

? 4 • Descriptions and evaluations of major methodological alternatives ' « 

; . * . for approaching the select^ problem ^re| . . '; 

. V Procedural guides for sampling* transporting, culturing 
r^; s ^ ' 'organisms^ - * V * * j 

- i # Descriptions of alternative; instruments for , measurement \and 4 
T- : | * Analysis . „ - . * A 

\ A description of methodological altetnatives.for studying f selected^^pntent 
.:• arefei w*as identified by four researchers as a'useful product. Three of the 
four researchers wanted this product for^purposes of comparing other 
methodologies with tfie one chosen in terms of reliability, precision, unit. of 
measurement,, etc.. The fourth re?searche* was involved in selecting *a 
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methodology to approach the research problem .. The need for procedural 

> guides was mentioned by seven of the researchers . These guides' would 
describe the specific procedures and techniques for transporting, maintaining 

' 'and growing jest organisms in the laboratory environment . ' Some,exam R les of 
test organism s-fl^pd. iiy he research projects described are paramecia, aquatic * 

.insects, blue<crab larvae and oysters'. A characterization of alternative * 
instrumentation was needed by six researchers; in all cases the need for 
this product was linked to field research projects . The prWy concern was * 
for description of operational performance and durability under a 1 " selected set - 
of environmental doWitions suc_h as those IxistingTnVialt^r^h, a irpyntain''* 

' stream or a large river 

The third class of products deals with special data storage and presentation 
They include; 

• Charts and maps designed for research site se^ctipn. * 
1 *f Charts and maps designed*for basefitfe'data and trend data . 
Two researchers indicated a requirement for charts^and maps to assist in the 
^selection of a research site. One was interested in topographical features .such 
as vegetation, elevations and roads in the are^ of mountain streams, the other"' 
needed information for selecting a tidal creek as a site to study, the, char-" 
acteristics of marsh detritus. Baseline data were mentioned by three re T 
searchers. .The primary need here was" for an historical presentation of • 
•information on such variables as biological inventory in a selected area, water 
quality characteristics <5r frequency and amount of rainfall . These data were [ 
identified as, useful in the accomplishment of two tasks; selecting and char- 
acterizing a specific research site and interpreting research results obtained 
at a selected s^te . 




B. Teachers %% 

.' ■ 1, Participants' and Procedures « . " 

Eleven se'co'ndary school-teachers anyone college professor were 
selected -to participate. Table 3 shows the location, the background, and 
the^oursVemphasis for each secondary school teacher. These teachers were 
drawn fror\i two county school systems: Montgomery County and Prince ( 
GeorgeAs County. With regard' to educational background", nine had either 
bachelor or master degrees in-biologyi-one had a*bachelpr's degree in gejaiogy^, 
and one had a master's degree in chemisfry. As compared to the researchers, 
the teachers appear to be less' specialized and to have less formal education. 
Th'e content' of. the courses offeYed by these. teachers fell into two apeas: 
environmental problems and ecology. The major topics covered under environ- • 
mental problems included air pollution, water pollution, solid waste disposal 

\ ' • * 

and population trends . - - . 

The college professor. was associated with the University of Maryland and 
had responsibility for a graduate level course in environmental chemistry.. 
This prof/ssor .v<jas selected to participate for two reasons: first, to provide 
a contrast to the secondary school teachers in terms of level of fophistication ' 
of needed packages as. well Vs. the format of those packages and second,' to^ 
take advantage of his expressed interest in the development and use of 
.information packages for student learning both at the College and secondary • ' 
school level. One^of -his-earlier projects was the creation of an- environ- /" 
mental chemistry module for use.with high school students . 

The task analysis methodology discussed in the section on researchers 
.was applfed to the in-depth interviews with teachers .^An interview guide detail- 
ing the seven main teaching tasks w§s developed. .(See Appendix A) These tasks 

include: * < ~ ■ - 

,# - • Selecting objectives . - 
't Determining course format . 
<• Selecting topics. m ' ^ 



Table 3. Teacher Participants 



^Location 



Montgomery County 
• Junjgr Higlft School ' 



• Senior High School 



. Prince Geprge's County/ 

• Junior High School 

• Senior High School 



Background 



Biologist (BA) 



Geologist (BA) 
Biologist (MA) 
Biologist (MA) 



Cours.e Emphasis. 



Environmental Problems 
— * x 



Environmental Problems 
Ecology . * 

Ecology 



Biologist (BA) 



University of Maryland 
Chemistry Department 



< Chemist (MS) 
Biologist (BA) 

".Biologi^(BA) 
Biologfst (MA)" 
Biologist (BA) 

'Biologist (BA) 



Ecology 



Chemist (Ph ,D.) 



^Environmental Problems 

Environmental Problems 
Environmental Problems 
» Ecology 

Ecology - 

Ecology 



Environmental Chemistry 



• Selecting student reading and projects . \ 

• Preparing lectures/discussion 

• Selecting laboratory exercises 
/ • Selecting field exercises 

These tasks were identified in a previous study in which the teaching 
activities of college professors, were used as a basis for designing a document 
retrieval system (Mafyor'and Vaughan, 1974) . Each teacher was aske£ to" 
describe his/her course activities ^n ea^h task area and the tyj>e and organ-^ 
Ration- of information needed to support those activities. These interviews 
averaged, from one and one-half to two hottfs in length ] Information needs' 
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and pr >duct characterizations ' were summarized following the initial set of 
interviews . A second round of interviews was. conducted to mcdify anql 
elaborate these characterizations. 

• 2. Results - Secondary School Teachers » « 

Results of the interviews* led to the following general course 

descriptions. All secondary school courses were formatted to include lecture, 

laboratory and^field work with the smallest percentage of class time being'^ . 

devoted to formal lectures . ' Course objectives were of two, types: content 

^bjectives and process objective^ . The -content objectives were aimed at , 

students gaining knowledg.e of key concepts and facts in order to d^elop ah' 

understanding of the environment and the factors that effect^environmental 

.balance. The process objectives dealt with students developing skills in 

* applying research methods andj&chniques • yUl^t^chers mentioned both 

typ^s of objectives; however, some placed m^fe emphasis on content while 

others' focused on process. As mentioned earlier, cpurse topics were in the 

areas of environmental pollution prpblems and ecology. m For the^ most part^ 

topic selection was guided by the curriculum 1 The function of the laboratory 

o was t(5 teach students~the use of standard research nvethods and techniques 

i% ^, ■ 
and to demonstrate,exporimentally, principles discussed in the* lecture portion 

of the course* In some cases students were~$sked to 'design independent 

laboratory projects and write a report describing the results. Teachers were 

interested in insuring that the exercise^ in the laboratory^ere integrated 

with theiopics being covered. Each course had a field work component 

which was designed around monitoring and measuring chemical, physical^ 

' and biological activities in local streams. This field work was part of a 
■° , * . 

county wide program in both Prince George's and Montgomery Counties. 

Wherever possible attempts were made'to fully integrate the field work with 

the laboratory and lecture. In one instance, the field effort was used v as^the 

core component of the course. ^ 



. . . • V- • 

/ 
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'Four of the seven teaching tasks discussed in the interview were -identified 
as requiring information support. These taska are: select student reading, 
•prepare lectures/discussions, select aad prepare laboratory exercises, and 
"selept and prepare field exercises. Table 4 shows the eight information 
products which relate to these tasks.' Several of the products described 
by teachers as useful are similar in structure to those identified by researchers . 
These products include: t . ; 

• Characterizations of selected environmental variables in terms 
of ahemiral/physical/biologicBl considerations . 

• Effects of environmental'* pollution on plants, animals',, humans; 
interactions of environmental, variables ; ' 

• • Procedural guides for taking and analyzing samples. * 

Baseline data-on selected variables shah as water quality, • . • 
distribution of bioifa, etc. 

Characterization of variables and tfie effects of variable^ were identified by 
six teachers as being useful for developing student reading and for pre- 
paring lectures / In supporting the task of lecture preparation, these products 

< 

served two purposes: providing the teacher with new information for his/her 
understanding and with materials such as charts, .tables, and figures that 
could be used, to graphically demonstrate principles to the students. The 
major concern of >the secondary school teachers was to present topics in a 
way that motiva/ed the students to learn. The sophistication 'ievel of ttfe * 
material.neede<Tby teachers differed significantly from that required by r§- 
sea^q^s. Teachers wanted simple explanations accompanied by graphic 
presentations/ of selected variables and their* effects that would be under- 
standable tJ high school students; researchers required exhaustive descriptions 

in these areas as their task was to select variable sets to include in h re- 

V 7 * ' - 

search protect. The third product mentioned by 'both .teachers and resea^ers 

was-a procedural guide. The four teachers indicating a need for this product 

' * J m ' 

were .lookfing for simplified descriptions, of field sampling apd analysis * 
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i Table 4 . Leaching Tasks with Information Products 



Tasks 


Information Produpts 


1 , Select Student Reading 

* 

* • 


Characterizations of selected en- 
N yironmental variables In terms of 
'chemical/physlcal/biolqgical 
'considerations 

• Effects of environmental pollutants 
on plants, anima Is humans; , < 
interactions of -environmental ' 
variables. • , 


2. Prepare Lectures/Discyssions 

• 


* * 

• Characterization of Iselectetf en- 
vironmental vajiables- in terms of* 
chemical/phy^ical/biological 
considerations . 

• Effects of environmental pollutants 
' on plants, animals , .humans; 

interactions of environmental 
t ^ variables . 

• Compilation of local environmental 

\ organizations, events, individuals., 

**** * ' • , 

and report* . 

4 Compilation of effective teaching 
s methods , ♦ r 


- 3 . Select aMd Prepare Laboratory 
.JBxercises ' ^ 


. * Descriptions of laboratory exer- 
*cises in term's o3^0ijrpose, topic, 
: difficulty level, length, etc. % 


U . Select and Prepare"Tteld 
E^rcises " 

. . ' \ 

r, 

e 


€ 

* Pollution standards for variables 

: being monitored/measured in^local 
. streams , * 

- , ' 'V 

( * * t 

m Procedural guides for taking "and 
• analyzing samples , 

.•.Characterizations of variables ir> 

Similar field, research studies. 

• 

• Baseline data oi? selected variables 
such, as water quality, ^distribution 
of biota , etc . 



N procedures . The requirement was/for descriptions that, could be used 
directly by students. Researchers needed a product that would present the 
most sophisticated and precise techniques available, fhe fourth commonly 
mentioned product was 1 baseline data on environmental conditions and bioldg*- . 
ical distributions in a* selected field research area . The four teacheTa " \ 
describing this ne'ed were interested in providing- students wi^i a general 

~ idea oi^hat to expect inj the field study area. All mentioned the require- 
ment for simplified keys. to assist in the identification of locaJ biota. The 

researchers 1 need for environmental baseline data was for use in interpreting 
* • * cr / 

research project results . ^ 

v . /• • ■> 

-Four additional products were identified by teachers ds beinq of use m 

course 1 related tasks . Two of these provided support for lecture preparation. 
They were: „ 

• Compilation of local environmental organizations, events, 
individuals and reports. " % 

\ " ! K 

• Compilation of effective. teaching. methods . 

,» " ■* 

The description of local organizations, events, an$ individuals wag described 

as a need by five teachers.. This information would be used to provide* 
students with local examples of topics discussed in class, to plan partici- 
pation in local events and ta4dentify potential outside* speakers oxl selected 
topics. The compilation of teaching methods was mentioned "by three teachers,, 
t These teachers felt that their presentations could be improved if they were 
aware of methods used effectively by other teachers . Here'again, the pri- 
mary^aim was to interest and motivate the Student. Another product mentioned 
was descriptions of laboratory. exercises in terms of purpose, topic, difficulty 
level, equipment needed^nd-^YTgt^ TncTicat&j tj^fbfcthis type 

of information would be extremely useful'in selecting appropriate experiments. 
Much time has been used in this selection process to identify experiments 
that can be performed by higft school gtucJents in one or two class periods 
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and which rely op equipment that is generally available in high school science 
departments. The final product, mentioned.by four teacherS/wa^s a list of 
% pollution standards for variables being measured in the field projects . It 
was felt that this product would be most useful if it were structured to show 
the wat^Kquality conditions necessary for the survival of afquatic plants and 
animals. . x 

3 , , Results - College Professor 

The college processor 'discussed the information «nee4^ associated 
with a graduate leyel course in environmental chemistry. The purpqse of this 
course was. to provide students with anan-depth coverage of environmental ^ 
chemistry problems. The basic format of the course was a series of lectures 
on critical environmental problems . These lectures were presented by 
^faculty doing current research in each, problem area . Lectures were supple- 
mented by notebooks^ materials from the literature^ describing methods and 
fefchlts-. * r . 



\ Three information product's -were identified: 

v • Characterization of Variables in terms of source, chemical 

properties, concentrations, eto. 1 .,.'«#• 

•f * * 1 

• Effects of variables on plants, animals, humans, wejather i 

■ patterns, etc. 

• Descriptions and evaluaiions of mdjor measurement methodologies. 
The first two products, variable characterizations and effects, were mentioned 
as being useful for both lecture preparation and development of student reading 
Descriptions and evaluations of measurement methodologies *w^re discussed- 
in connection with student reading. Although the purpose of thes« products* 
differed from those identified through researchep>interviews , their structure 
was similar . Additionally, the source of material to be included in the 
products in both cases was the highly technical journal' literature. 
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III . DEVELOPMENT OF PROTOTYPE INFORMATION PRODUCTS 

* Phase I activities provided evidence tha't general categories of derivative 
information products are needed bx scientists in both research* and teaching 
roles. Furthermore,, the results suggested that, through a -series of informa- 
tion specialist/scientist interviews, specific product requirements could be , 
•structured sufficiently to enabfe the information. specialist to prepare a 
product whose characteristics would match the parti cularjjjeeds of the user 
scientist. * * „ 

The objective of Phase II was to substantiate the validity of this propo- 
, >• ■ 

sition through implementation of the process and development of information 
products for selected user scientists. Accordingly, two researchers, a 
secondary, school teacher and a University professor were enlisted as partic- 
ipants in Phase II activities. In-depth interviews were held with each * 
participant for purposes q£ describing current tasks and topic areas needing, 
information support'. The product outlines developed 'in the first project 
phase were used to guide these interviews. ^Partjlcular emRhasis was placed 
on elaborating the appropriate product outlines ^ terms of the project or . 
course content. The results of these interviews were summarized: ai^.,if§%J 

as the basis for a second round of discussions . The^e discissions further 
, f i # m \ / 

'elaborated and clarified product needs. The four case studies are described 

% .a* : . 

Pi ere in terms of the scientist's tasks and information products needs, and 
the information 'specialist's document search process and product design 
strategies . ■ ■ 

A. Researcher 1 • * , . - ; * 



1 . - Tasks and Product Needs \ • , u 

s T ' ' - % * 

The fifSt researcher, .a biochemist, haa }ust begun a new research 

project and was involved in the tasks <5f hypothesis development dnd variable 

selection. The general problem area of study was the possibility that 
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herbicides used by farmers were responsible for the increased death rate 6^ 
. higher aquatic plants in the Chesapeake Bay. The needs of this researcher • * 
and the information products corresponding to these needs are 'shown in * 
Table 5 . The basic intent of the products was to narrow .down the number of 
. potential experimental variables; to obtain information which would assist in 
selecting those variables most relevant to the problem. Three types of pro- 
ducts were identified: Lists of Variables, Characterization of Variables/ 
and Effect's of Variables on Other Variables. Lists of variables were required 
in response to two needs: what chemical compounds are being used by area 
farmers and what aquatic plants are being affected? A characterization of 
each of the locally used compounds in terms of degradation over time was 

" *• p ' 

* Table 5. Effects of Herbicides on Aquatic Plants: 
l^eeds and- Information Products 



Needs 


: — ; , - - 

- Products 


• What chemical compounds are 
being used by area farmers? 

* > * 


• List of variables: herbicides used by 
area farmers rated in terms of volume 
of usage and increase in^usage. 


• What is the probability that 
locally used chemicals are 
reaching the water? v 


• . C^fifacterization of variables: break- 
down of compounds oyer time due to 
leaching through soil, sunlight, : 
microorganisms, etc*. <""' 


• What aquatic plants are being 
affected? 


• List of variables: aquatic plants iti 
the Chesapeake Bay ordered in Jerms. 
of death rates . ^ - 


• What is known aboufc the' ef- 
fects of the chemical com- 

' pounds identified above on 
the aquatic plants in the 
Cft>ssapeafc;e Bay. 


• Effects of selected variables on other 

variables: tables, figures,, etc. , 

showing the toxic effects of chemical 

compound sets on'aquatic plant sets. 
♦ tt 
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needed to determine which of the compounds had the highest probability of 
reaching the water. Specific degradation factors mentioned by the researcher 
.were leaching through the soil, sunlight and microorganisms. The require- 
ments for a product dealing with effects and relationships resulted from a 
need to know about researbh on the toxicity of selected compounds to. aquatic 
plants in the Chesapeake Bay. , ~ 

2 . Search Process and Product Preparation * 

The search for materials to Ke used in compiling the reauired^forma- 
tion products was conducted by a library school graduate (MLS)' at the llnl-* 
versity of Maryland. Two procedures were followed in developing the lists 
of variables: contacting knowledgeable individuals in the field and reviewing 
appropriate handbooks. The names of locally used herbicides and the amount 

„of their use in recent years was, obtained through an, interview with a professor 

I 

jpf agronomy at the University of Maryland . This information was not <ivail- 

V * 

able in the literature. The list of rooted aquatic plants in the Chesapeake : 
Bay was provided by a researcher at the Chesapeake Biological Laboratory * 
who also recommended two reports dealing with /the* subject. 

The search process associated* with preparing variable characterizations 
and describing the effects of on# variable on another involved extensive use 
of the professional journal literature. 'Six steps were involved in this" process , 

• ^Identify relevant bibliographic sources'. 

• Search bibliographic sources and identify relevant citations . * 

• Locate and obtain articles. * 

• Review obtained articles for* relevance « , 

• Analyze relevant articles for author and } journal patterns; review 
references in articles . * * { 

• Select extracts and prepare product. ■ " • 

l' * " * 

Pigure 1 presents the steps and the percentage of time spent in accomplishing 

each step. Approximately 130 hours were spent by the searcher in completing 



these steps and in assembling .the needed products . The identification of 
relevant bibliographic sources required 5% qi the searcher' s -time step 
involved selecting the most useful bibliographic tools and ranking them in 
terms ofrdegree of productivity based pn a-review of guides to abstracting/.' , 
indexing ^.services as well as recommendationslrtm on-site librarians and 
■ the researcher. The guides to abstracting/indexing services are organized 
by' subject and include brief-descriptions of each service in terms of breadth 
and depth of coverage,*. Two guides* proved extremely usefu^n selecting 
the most highly focused services for accessing the herbicide literature. 

Searching the bibliographic sources and identifying relevant citations 
occupied 20% of the searcher's time.-. This process represented the first level 
of screening th$ literature for relevance to the topic and the researcher's 
information needs. Key words such as the name of a specific herbicide or 
a herbicide action were 'used to enter the abstract indexes . Review of se- 
lected abstracts was guided by key words and the way these words related 
to one another. Emphasis was placed on matching the perspective of the 
abstracted article with the perspective^ the researcher. Weed Abstracts, 
Biological and Agricultural Index, and Bibliography of Agriculture provided 
extensive coverage of the literature on the^behavior of herbicides". As the 
searcher moved from one bibliographic tool to the next, increasing -redundancy 
of coverage Was experienced^. It may be that one or two targeted sources 
are all -that are necessary for identifying key articles in a selected subject 
area . , • , •. 

Locating and obtaining articles required the«use of several libraries at 
the University of Maryland as well as the National Agricultural Library. ■ 



*Abstracting Services, Volume 1: Science and Technology. International 
~ Federation of Documentation. . * .7" 

Abstracts and Indexes in Science and Technology. Owen.' 



Identify Most Useful Bibliographic Tools - 5% 
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Figure 1 . Search* Process for Developing Research Products 
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Locate and Obtain Citations - 15% 
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This step, which required 15% of the searcher's time, involved identifying 
the location of journal volumes, selecting the* appropriate article (s)' from 



those volumes and obtaining needed hard. copies . . A^second level of screening 



was accomplished at this stage in the se^^lY^p^cessi some citations thatf*|| 
were identified as relevant from abstracts tyere rejected upon a cursory 
in^pe'ction of the articles . i 

A detailed review of selected articles represented the third level pf 
1 screening. I^his screening required 15% of the searcher's time and included 
. categorization of articles into sub-groupings to address specific researcher 
questions and examination 'of article sections for possible extraction and 
inclusion in^he/feinal product. i Some articles were weeded. out during this 




c^usSYt^ey were too general K redundant with other articles or not 
directly ^levant Fo the topic. Approximately 80% of the hard copy articles 
were evaluated as relevant and non^-redfundant; of the remaining 20%, half 
were redundant and half were irrelevant, . j ^ 

The next step in the search process involved analyzing relevant articles 
I for clues to additional useful literature. There were three separate analyses 
in this process . The first required checking the lists of references in each 
relevant article for earlier work which mi#tff contribute to meeting the re- 
searcher's information needs. The second involved searching forward in time 
by making use of the Science Citation Index to identify those articles* that 
cite the key articles already retrierved . The third analysis was the determina- 
tion of author or journal patterns- of the relevant articles. That is, certain 
authors and journals were represented with greater frequency than others . 
Where journal patterns existed, further searching was done in tables of con- 
tents of recent journal issues . This analysis was of particular value for the 
literature on herbicides where 70% of the relevant articles* were* found in three 
journals. All citations selected through these analyse^were located, ob- 
tained and reviewed^for relevance and possible contribution to the final 
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information product. The percentage of time spent by the searcher in ac- ' 
complishing this step w$s 20%. 

The fina] step in the search process-product .development chain was the 
extraction -and organization of material from relevant articles into coherent ' 
product* sections . Here decisions were made as to the information necessary 
to adequately meet the researcher's needs. Jhis step required 25% of the 
researcher's time . 

3 . a Prototype Products 

Four prototype information products were.preared for the researcher. 
The process of extracting needed information from collected documents and 
articles and the organization of these extracts into information products re- - 
quired approximately 3'5 hours. 

The two variable lists were the easiest and least time consuming to pre- 
pare . These lists of locally-used herbicides and aquatic plants in the 
Chesapeake Bay w^re primarily developed through interviews with expefts . 
Appendix B shows some example pages from these lists . The list of locally 
used herbicides contained \Z compounds ordered in terms of amount of-use. 
Type of use /trade name and manufacturer were also included. , The list of' 
aquatic plants presented 15 rooted aquatic plant species ordered by abundance 
and characterized by rate of decrease in recent years* Additionally, this list 
^identified thpse plants knowji to be food sources for water fowl. Both of 
these lists assisted the researcher and the information searcher m the initial 
bounding of the research problem and in narrowing down the herbichdes ^nd 
plants to further learn about through a review of the literature. ^ J ' , 

The variable characterization focused on the leaching and degradation 
behavior/of locally .Used herbicides . This product w&s integrated with the 
product dealing with variable effects fcfecause the* effects information logically 

V 

followed the variable characterization information; i.e., what is the nature 
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of .the hWbicide and how does it affect aquatic plants . Product preparation 
required exteijsive use of the prpfessicShaL journal literature. 

Information in the literature was available on 11 of the 13 herbicides 
included on the original list . v Some herbicides had been researched exten- 
sively vtfhile others received' little experimental treatment. The range of 
product pages per herbicide was 9 to 49 with a mean of 23 pages_. Within 

each herbicide section the available information was categorized as follows: 
# . ° 

» -Mode of action against weed's 

m i 

• Characteristics in the soil: toxicfty related behavior' 

- Adsorption by soi^ « 

- Absorption by crop plants 

- Leaching (penetration) * ^« 

- Lateral movement (raiufall) { 

- Decomposition by sunlight t 

- Decomposition by microbial .activity 

• Persi stance in water 

• Effects on^ aquatic plants . 

In the subsection on characteristics in the soil, the information was further 
divided by the characteristics of the spil which affect actions of the herbicide 
Some of these characteristics include temperature^ moisture dbntent, cation 
exchange capacity, percent clay content, percent organic content and amount 
of soluable phpsphor. The materials compiled on each herbicide were j>re- 
ceded by a summary sheet describing the chemical compound and the effects 
r of microdrganisms, sunlight and leaching through the soil. Table 6 prpvides* 

JSP* 

an example of such a summary sheet. The final product developed on the 
herbicide problem was a matrix showing the articles published on each aquhtic 
plant/herbicide combination. The-rows of the matrix contained the 13 
herbicides* the columns listed 12^aquatic plants. This product is shown in 
Appendix C . 
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Table 6". Information Product Outline Characterization of Herbicides 



Herbicides: Atrazine 



Time History of Chemical Change 



Chemical Compound's Used - 
by Area Fanners in Herbicides 



Atrazine 



2-thloro-4-ethylamine)-6 
- (isopropylamino) - s-tria zine 



CH 
CH 



- CHNH - C CI 



N N • 

. \ // 

. C-NHC 2 H 5 
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Effects of * 
Microorganisms 



Significant resi- 
dues may remain 
in soil for over a 
year (Herbicide 
Handbobkj 

Half' life at 
15 C C » 6 mos. 
30°C = 2 mos. ► 
(Hague and* 
"freed) 



effects of 
Sunlight 



Not Signif- 
icant under 



ditions 
(Herbicide 
Handbook) 



Effects of * 
Leaching ^Through Soil 



Leaching limited, 
normally not found be- 



nprmal con-v/Iow the upper foot of 



SQil. 

o 

Readily adsorbed on/ 
muck or clay, de- 
sorption occurs 
readily. 

Solubility in water at 
27 °C = 33 ppmw 
(Herbicide Handbook) 

"Rf value: 

silt loam = .35' fg . - 
silty clay loam = .47 f 
Sandy loam = .89b * 
(Helling and Turner) 



Other Effects 
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4 

Vapor' pressure 

mm *Hg 

10°C = 5.7 x 10 

■ 20°C = 3.0 x 10" 7 

30°C.= 1 A x 10" 6 

S0°C = 2.3 x 10 -5 

(Herbicicfe Hand- 
book-) , 
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The procedure for selecting extracts $£> include in these products involved, 
two steps. The first step was to determine the key contribution of each article 
to fulfilling the researcher's needs . In most cases this involved identifying 
a condensed representation of experimental .results Sjuch as tables, figurqs 
and graphs. o The second step was to determine the amount of textual material 
required to interpret the graphic material. Several strategies were used in x 
performing this second step. Some product sections were prepared with only 
figures and tables, some included abstracts, some presented selected text 
from Results, Methods and Discussion sections of the journal article. It was 
felt that these variations would provide the researcher with a range of- formats 
from which to choose the most efficient for ^transmitting the needed information. 
Appendix D provides an example, of an information product which includes 
minimal textual. material in support of graphic presentations of results. The 
information compaction of the products ranged from 10 to 1 to 4. to 1 . That is, 
the amount of material presented in the full text hard copies was reduced a , 
fourth to a tenth in assembling the information products. The various* formats 
were reviewed by the researcher to determine the most usable and efficient 
presentation for acquiring needed knowledge. The researcher selected the 
format which included tables and figures with a minimum of textual elaboration. 

The products represented significant expansions of the, researcher 1 s knowl- 
edg e ijvthe selected problem arfea . , Through the literature review and product 
development processes, several additional variables related to the prpblgm 
were identified and elaborated. When the question of local herbicides was first 
raised the researcher was aware of one aquatic plant, two herbicides, and ^ 
three mechanisms of herbicide degradation. The search process identified 
% 15 aquatic plants, 13 herbicides, „6 degradation mechanisms; and 6 soiL 
characteristics which interact with* or affect the degradation process . Ad- 
ditionally, the researcher was provided with organized sj&ts of results char- 
acterizing each herbicide and its known effects on aquatic plants . 



B . Re search ay 2 , . 

1 , Tasks and Products 

The second rese^rchefV a^cell biolpgist, was interested in studying 
ttfe" possible effects of food additives on cells and organs and relating these 
to the effects of additives on behavior. The idea- that food additives might 
influence behavior was proposed by the Nutrition Foundation. in a report sug- 
gesting a link between artificial food additives and, hyperkinetic behavior in 
children. The first task of the researcher was to. select a set of additives 
to "be explored experimentally in the laboratory. Figure 2 shows the informa- 
tion needs associated with "this project task and the products identified as 
being responsive. Since the researcher was initially interested in examining 
the chemiqals in additives which impa,ct"ph behavior; it was decided to start 
with a product which compiled, information on the relationship between hyper- 
kinesis and diet. > If specific.additives were identified in this literature then 
these additives would be further described in term's of their chemical and 
physical structure and of their known effects on cells', organs and systems . * 
If specific additives were not identified as linking to hyperkinesis then the 
strartegy was to develop a : Jist of c9lonng.s, flavorings and preservatives, 
to # select those which were salicylaterrelated and to describe*both the 
properties and effects of these. Based on his prior experiments the researcher 
as signed? high priority to salicylates as potential sources of cell effects: 
An additional product needed by the researcher was a, characterization of the 
behavioral and physiological correlates of hyperkinesia.. The purpose of this 
product was to delineate the various, behaviors and physiological^ values ' 
which distinguish hyperkinetic from normal individuals. These distinguishing 
factors could be used as comparisons with the laboratory results obtained in 
the planned, project.' As with, the first researcher, all three types of content- 
related information products were identified: "variable lists, -variable char- * 
acterizations, and variable effects . •. ' 



N: What is the effect of 
dietary variations on 
\]iyperkinetie behavior? 



P: ' Effects of selected 
variables on other 
variables; Data show- 

•* ^ing relationships N 
between Ifood additives 
and hyperkinetic be- 
havior , 



NrWhat is hyRerkinesis? 



P: /Characterization of 
f variables: behavioral 
" { syndrome and physi- 
ological correlates of~ 
- hyperkinesis 



No 



Relationship 



Relationship 



N: What chemical compounds 
in what dosages are used 
in food colorings, flavor- 
ings and preservatives? 



List of variables:* chemical 
compounds in food color- 
ings, flavorings, preserv- 
atives; rates in terras of 
frequency and amount used 



4l 



N: 'What are the physical/ 
^hemicarproperties of the 
compounds used in food 
additives ? 



Characterization of -vari- 
ables: chemical structure, 
synthesis, solubility, 
etc . , of each compound*. 



N: What is known about 

the effects of these 
Jfr* compounds on cells, 
organs, systems? 




P: Effects of Selected 
variables on 'other 
variables: tables, 
* figures, ^etc ., show- 
ing the effects of 

ompouhds on blood 
cells, neural cells, . 
liver, metabolism, : 
etc. * - 
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Figure 2., Food Additives and Their Effects,. Needs and Product Development Strategy 



2,. Search Process and Product Preparation 

N 

The search foT^ materials to be used in information* product .develop- 
ment was accomplished by a library school graduate (MLS) at the^University 
of Maryland. The process used to prepare the variable characterizations and 
effects products on both hyperkinesis and food additives relied principally gn 
' the professional journal literature . The search, steps and the percentage of 
searcher tAne devoted to accomplishing each step were similar tp that de- % . 
scribed for the first researcher. - These steps were: 

• Identify relevant bibliographic' sources (59Q . * • 

• Search bibliographic sources and identify relevant citations (2Q%) . 

• Locate .and obtain articles (15%) . 

• Review obtained articles for relevance (15%) . 

• Analyze relevant articles for -author and journal patterns; review 
references in articles (20%) . . & 

, • Select extracts and prepare product (25%) . . i 

fc * 

r The three most usefuL bibiljographic tools were Chemical Abstracts,' 
Biological Abstracts and Index Medicus.- The citations identified through 
these sources were obtained !at the National Library of Medicihe and at the 

various University of Maryland libraries. A review and screening of retrieved 
> \ \ 

articles resulted in the evaluation that approximately' 90% of the articles con- 
tained information that was relevant. Of these, 15% presented redundant 
material. Most of this redundancy was in the information dealing v^ith the 
behavioral and physiological* correlates of hyperkinetic behavior, Here de- 
cisions were made to include those articles providing the most complete and* 
clearest coverage pf the topic' area . The use of citations in relevant articles 
proved extremely useful in identifying additional rel^arrb material for each . 
product. The analysis of journals containing relevant materials showed that 
4G% of the articles on food colors were published in ttoo journals whereas no 
particular pattern ^merged on the topics of behavioral land physiological ' , 



correlates of hyperkinesis. The entire search and product preparation process 
required 270 hours* ^ 

3 . Prototype Products "'J " ~~ 

The first information package developed for the researcher was 128 
pages in length and contained two proqucts. The first was a characterization 
of hyperkinesis, the second focused pn the possible links between hyperkinesis 
and diet. The characterization of hyperkinesis .was divided into two sections: 
Behavioral Correlates of Hyperkinesis and Physiological Correlates of Hyper- 
kinesis. The section on behavioral correlates included descriptions of be- 
havior and results pf experiments comparing^ hyperkinetic and normal behavior 
in a variety of situations. The material on physiological correlates was divided 
into several subsections such as genetic, biochemical, pre-natal* etc. These 
* data were useful to the researcher in identifying. specific behavior patterns 
and physiological values. The product dealing with the possible relationship, 
(between hyperkinetic behavior and diet included subsections oYi additives, 
nutrition and vitamins . Although an extensive literature review was conducted, 
| very little useful information was found jon this topic. The information that 
- was located showed no clear links between specific additives or food categories 
and hyperkinesis; however, there was^ some indication that those additives con- 
. ~~ taining salicylates might have some influence 'on this type of behavior. The , 
* product did not serve the purpose of identifying specific additives to be pur- 
sued experimentally but it did suggest that the presence of salicylates might 
be important .' < f - 

^ ,j?Th^J^xl stej^was to develop a list of colorings, flavorings and preserva- 
tions > This list, compiled from handbooks, contained certified and non-certified 



i 



mo 



food colors accbmpaijied by color index numbers, artificial food flavorings, and 
preservatives. Because the number of food additives is in excess of 3,000,, 
t?Te researcher was as;ked'to review the li§t and make ^elections for further 
characterization. His choices narrowed the number of food colorings to 24, 
the number of flavorings to 25 and the number of preservatives to 5 (see 
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Appendix B). jtfany of these additives contained salicylates . Further informa- 
tion was obtained on ea,ch of these compounds in terms of .frequency of use in 
foods, amounts used and where obtained. Table 7 provides an example of this 
type of listing. This material was used\)y the researcher to further narrow the 
% list of variables considered for study. Those withjthe greatest use in foods • 
could be.considered as most profitable candates for first experiments. 

The two major guides used in selecting additives for additional character- 
izations were the quantity of use and the relationship to salicylates . These 
characterizations included a description of chemical and physical properties . 
Table 8 shows an example of v the characterization of a selected food color in 
terms of physical and chemical properties, chemical structure and methods of 
synthesis . All information presented in this table was obtained'from handbooks . 
The results were used by the researcher to determine which compounds shguld 

furthej be elaborated through a literature review on .effects . 

* ' » *- 

Effects products were prepared on three coiorings: Red #3, Red #40 and * 

t> * 

Yellow #5. These products contained an average of 50. paqe^Teach . The* 

major sections were: . J - ' * * 1 

V - < ' 

• Toxicity studies . ~ ^ w ^ 

• Metabolism 

Skin and- local tissue- 

• Bl00d \ 

• Thyroid aland F . $ 
, • Reproductive organs . * * 

^if^rbducts contained a variety of formats ranging from graphic pr v ^s£nta-r' 
tions to large sections of text. The information compaction ratios varied be-"* 
tween 7 to 1 to 4 to 1 from original articles to material presented inlhfe products . 
The process of extraction and organization of relevant information into product 
required approximately 65 hours . A review' of the various formats by the re- 
searcher led to the evaluation that graphic presentations of the 1 data were of 
most use when supplemented by excepts from discussion sections which pre- 
sented the author's interpretation of results . ^ 
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Table 7 . CKemical Compounds in Food Additives 



Colorings 



Red #3 



Common Compounds 



Erythrosine 

FD&C Red #3 

C.I. #45430 

Sodium (or potassium) 
salt of 2\ ; 4 V ; 5^-7' 
- 1 etra iodcMu or £ Scei n 
(ideosine) 

Xanthene dye^ 

Introduced 1907 



Frequency of Use in Foods 



In order of frequency of 
use: 

Pharmaceuticals, candy e^nd' 
confections, bakery goods, 
dessert powders, sausage, 
maraschdno cherries, 
cereals, beverages^ cos- 
metics, snak foods, ice 
crearn and dairy, meat inks 

(Food Colors) 



Amounts Used 



ADI = 0 r 1 .25 

Estimated in- 
gestion per day 
= 1 .8&mg/day/ 
capita 

(Food Colors) 



Where Obtained 
(from whom, cost) 



Dye, Specialist 
Division of Special- 
ty Chemicals, Allied 
Che'mical Corpora- 
tion, P.O. Box 
1087R, Morristown, 
N.J. 17960 



Table 8. Properties of Common Compounds $Ln Food Additives 



Compounds 



Erythrosine- 



Physical Properties 



Solubility: g/100 ml. 
Water =,9 

25% ER0H = 8 
Glycerin = 20 
Propylene glycol =20 
Veg . oil = insoluble 

(Food Colors) 

Soluble in alcohol . 
absorption maximum 
in water = 524m u 

(Merck Index) 



Chemical Properties 



Molecular weight: 
879.92. \ 

Formula: 

C 2 oH 6 I 4 Na 2 0 5 

[ C = 2-7.30% 
|. K = 0.69% 
f ' I = 57.70% • 
Na = 5.23% 
0 = 9 .09% 

LD^qI .p . in rats 

(Merck Index 



Chemical Structure 




(frlerck Index^ 



How Synthesized 



Dolinsky and Jones 
article (1951: 
Gilliard, et . al. , 
, German patent 
\l08,838 (1899) 



i 



G, Secondary School Teacher 

¥ 

■ . 1 . Tasks and Product Neledsl 

The high school teacher selected to participate in prototype product 
development was responsible for an environmental problems course offered ^ 
to junior and se\npr level students . This course focused on the chemistry 
Of air, water and solid waste pollution. The teacher's primary concern was 
the development of student interest and motivation to learn. One method used 
for gaining this interest was the presentation -of specific practical problems 
which related to the types of pollution covered in the course. Basically, 
these practical problems were the vehicles for teaching students about 
chemistry and pollution. It was felt that information products were needed 

^ to assist in the development and presentation of selected problems. There 
are three course preparation tasks involved" in developing a problem area for 

* presentation: select and provide student reading, prepare lectures^and dis- 
cussions prepare laboratory exercises'. The specific information products 
required in support of these tasks are- 

*' Characterization of selected environmental variables in terms of 
chemical/physical/biological considerations . * 

• Effects of ^environmental pollutants on plants, animals, humans 7 

• Compilation of local environmental organisations, events, 
•'individuals dealing with the Selected problem area. 

• Compilation of laboratory exercises relating to selected problem 
areas described 'in terms of purpose, difficulty level, length, 
equipment needed,. etc. 

All of these products were prepared and integrated into one information package 
for each of the two practical problem areas selected. The two problems were auto- 
mobile exhaust and air pollution, and solid waste disposal methods as' a source 
9 .of pollution. The next'^ection will present a discussion of the search 
processes requipfed to develop the^e package elements.- , » ' 
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2. Search Process and Product Preparation ... ► 

s - The search for materials to be-used in preparing the products was 

carried out by a graduate student at the University of Maryland who was 

working towards a Master'^ Degree in Library Science. The search process, 

as showrrin Figure 2, differs somewhat from the steps followed fdr developing 

the researcher information products. These procedural dif|^enqe^,are due 

to the differences in level of information required by the two groups of users . 

The researchers needed exhaustive coverage of the professional journal 

"\ * 

literature, the teachers needed simplified explanations of scientific findings. 

*♦ 

The .five basic steps in the search procedure were: 

- • Search bibliographic" sources and identify relevant citations . 

m Locate and obtain materials . "* 

% m Review obtained materials for relevance. 

• Analyze relevant articles for magazine patterns; .review ■ * < 

references in books, articles, technical reports. ' 



" • Select extracts and prepare product. , 0 

The search proces&-and product development' work required 250 hours. 0 . 
Table 9 coippares process stefc§ and searcher time allocation for researcher 
and teacher pr6ducts. For the high school level products there appeared to 
be no need to perform the step of identifying the most useful bibliographic 
tqols . This was because the abstracting and indexing services which serve 
as guides to the professional journal literature were not included in the search 
strategy The searching of bibliographic sources to identify relevant citations 
occupied approximately 25% of the searcher's time. The specific sourcegffn? , 
eluded caret catalogs, indexes to government reports such jus ERTC, and th^ 
-Reader's Guide to the Periodical Literature. Vertical files'recommended by 
the librarian were also searched. These files contained many valuable experi- 
ments as well as useful guides tor audio-visual materials. The- sea^her 
found that the card catalogs and indexes were better arranged for identifying 
relevant material on solid waste disposal than On automobile emissions . 
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Table 9 . Time Allocation Comparisons in Search Process-Product 
- Preparation for Researchers and High-School Teachers 




1 Process Steps 

— , , — a 


. Time Allocation 


Researcher 


Teacher 


* • Identify relevant bibliographic 
sources 


• 

5% 


* 


• Search bibliographic sources 
. and identify relevant citations 


o t 
9 

\ 20% 


25%, 


• Docate and obtain materials 


^ 1 5% 


15% * 


- » Reyiqw obtained material for 
* relevance 


1 5% 


25% 


• Analyze relevant articles for 
author and journal patterns;' 
review references in articles 


J — o — — *> 

• 

20% 


10% 


.Select e.xtracts and prepare 
'^J product ~Y 

— — : <■ 1 


25% 


25% 



Most of the information on the automobile problem was iri publications dealing 

J 

with the general question of air pollution. This search oi bibliographic sources 

continued in parallel with other process steps. As materials were collected 

and reviewed more'possible search terms*were identified as means for entering 

the bibliographic sources for additional relevant citations. 

i Locating and obtaining identified Materials required 15% of the searcher's * 

— . o 

time . This step involved going to various, libraries? searching tha stacks 

and Vertical files, generally reviewing tables of contents for relevant sections 

and dbtaining copies. Some screening was done ^t this stage to eliminate 

materials that w§re not related to the topic. Written requests were needed ' 

for obtaining many of the government dqcum ents . 



J 



Search Bibliographic Sources - 25% 



Locate and Ob 



Information Requirement: 
Variable Characterization; 
Variable Effects; 
^Experiments » 




Card 
Catalogs V 
Subject/Author/ 




Search un der specific 



key words 



r 



Search under 



specific key words 



Citations 
to Books 



1^ I 



specific key words 



t Search under 



specific key words 4 



Figure 3. Search Process for Developing High School Products 



_| Citations to I 
Technical [- 
V Reports 
I I 



I 



I 1 

I Citations to I 
"I Magazine |- 
[ Articles t 



Locate 



Citations 



9 

ERIC 
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Citations - 15% 



Experiments 



Films 



^Articles* 



Review Obtained Citations - 25% 



Review 



Not relevant 
Materials 



Relevant 
Materials 






^ — 1 


i : — 



J 

- \ 



University j 

Of y 

Maryland j 

Libraries i 



"Available 
Books 



• Available 
Technical 
Reports 



Available 
Magazine 
Articles 



Review 



Relevant 
Materials 




Check referenc 











Not relevant 
Materials 



) 



(Analyze citatio 



magazine groupi 
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Analyze Citations, Follow-up References - 10% 



|- " 1 

j List of Potentially j 

^ Relevant Citations 



Extract 



Prepare Product - 25% 



Information Package 
Elaborating Selected 
Practical Problem 



1. 

























ns for 


1 Most 1 


Search tables of contents 




Potentially 
Relevant 
Articles * 


ngs) 


1 Frequent 1 

| Magazines 1 
1 -ll 1 


of recent issues 
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* Reviewing obtained materials involved a detailed screening process. 
Because of the text book level of treatment of the selected topic areas there 
was much redundancy in the material. That is, several book sections or 
magazine articles provided similar discussion of the same topic. The problem 
was in selecting material which presented tti^desired concepts most effi- 
ciently and clearly. This redundancy question wdVqpbt a problem in the review 
of journal literature for the researchers . The review^bf materials for the high 
school level products involved 25% of the searcher's timers compared to 
1 5% for research-related products . 

Examining relevant material for clues to additi3KaX?useful material in- 
eluded two? types of analysis . . The first analysis was a review of reference / 
lists included by authors. Thes& lists containec|^hany useful .citations which 
wefe located and evaluated for inclusion In thelptoduct ; The second analysis 
was a (determination of patterns for magazine titles which contained the highest^ 
frequency of relevant articles f Two magazines w^e identified as providing 
the best level of coverage: The Science Teacher, and Schoo^ Science and v 

* Mathematics. Review of recent issues resulted in additional articles. These T" 

- 

magazines also included book reviews which le|rto the identification of 
mtially useful titles. Performance of this step required 10% of the_ 
searches time as compared to 20% for rese^^^products^JThis difference 




iS due to the»more extensive follow-up procedures in identifying additionally _ 
relevant materials to be included in the re&Wch support products such as 
searches in Current Contents and the Scie^Lpitation, Inde*. , t 

The last step was the extraction of material and the organization of those 
extracts into final product sections . As with the re^etochef ^products this 
process involved 25% of the searcher's time. .$Bfe$detaii#s of the extraction 
process and the structure of the information ^^Pg^^. are discussed in the 
following section. Lr 




3 « ~^rototype' Products 

Assembly of the two information packages required approximately 
50 hours. Information for both packages was organized. into four general 
sections: Problem Description, Problem Source, Problem Impact, and Problem 
Solutions and Costs. These sections were designed to provide teachers 
and students with a detailed and clear description of "the problem scope, the 
cau^g of the problem,, the implications of the problem and alternatives for 
^solving the problem. Materials were selected to assist teachers in lecture 

* tOTY preparat i°, n ' to Provide audiovisual presentations^ the class- 
^§> m «nd *9 "offer a range, of student reading . 



S^'^. bi ^^^^^^^^^^^%^ leeds and Products associated with each 



package section^ the problem of the automobile and its c^rib^tion to air 
pollution. The completed package consisted of 210 pag/k^The Problem 
Description section included three products which were integrated to provide 
needed information on the characteristics of exhaust components and the 
contribution- of these emissions to air pollution .problems . This section was 
divided into subsections based on each exhaust component. These subsections 
are: 

• Identification of Pollution Sources and Air Pollution Standards * 
#, Carbon Monoxide " * ' - . 

• Nitrogen ©xides and Photochemical Smog"* 

• Hydrocarbons * 

• Sulfur Dioxide 

• Lead - ( ^ 

• Aldehydes *" • 

. Each subsection included variable characterizations and experiments for 
identifying each variable. The variable characterizations involved descriptions . * 
of chemical properties', behaviors , and amounts of pollution contributed by 
the automobile versus other sources. These characterizations were mainly • 
in the form of tables and figures supplemented by brief excerpts . Selection ' 

■ 44 - ~ * . < 



Table 10*. Information Package: The Automobile and Air Pollution 



Package 
Section 



Needs 



Products 



Problem 
Description 



• How do automobiles con- 
tribute to air pollution? 

• What are the components 
of automobile exhaust 
emissions and what.dre 
their characteristics? 

• What percentage of. air 
pollution in urban areas . 
is a result of gutbmobile 
emissions ? 



• Characterization of variables: 
amount^, chemical properties , 
behaviors of^xhaust emission 
components . 

• Experiments/demonstrations 

to identify exhaust components . 

• Local organizations, in-* 
dividuajs working in the prob- 
lem arfe'a . 



Problem 
Source 



V 



• What is the chemical 
composition of gasoline? 

• How does the internal 
combustion engine pro 1 
cess gasoline to create 
emissions ? s £ 



• Characterization of variables:* 
chemical properties of gasoline 
and how processed by internal 
combustion engine. 

• Experiments/demonstrations 
to measure chemical- compo- 
sition- of gasoline * w 



Problem 
Impact 



• What is the effect of each 
exhaust emission com- 
ponent on plants, animals, 
material, human health? . 



*VaAiable effects: results of 
studies showing impact of each 
component + , # ^ 

• Experiments/demonstrations 
showing hdw each component 
effect plants , inimals, etc.. 



^ Problem * 
Solutions and 
Costs 



• What are the alternatives 
to the infernal combustion 

' engine? ' v 

• What are the cost/effec- 
tiveness characteristics 

„of these solutions 

V 



• Characterization of variables:* 
types of emissions from al- 
teVnative enqires, costs of 
alternatives to driver, manu- y 
facturer. 

'» V arable effects: impact of 
emissions .froir each alterative 
on plants,- animals, "etc* 

• Local organizations/individuals 
involved in solution alternatives 



-of materials wap based 'on clarity of presentation. The experiments for 

' identifying each exhaust compoRnentVere graded in termf. of difficulty level 

and Equipment heeded. These experiments follQw directly behind the variabl 

> • y - 3 

cha^cteri^ations in each subsection. Appendix E show| the subsection de- 
veloped for carbon monoxide. A list of local individuals' and organizations 
working in the problem area was^ included at the end of 4he section. The 
purpose of this list was to provide teacbers with local contacts and potential 
speakers * 

The second major section of the information package was concerned with 
problem source and dealt with questions of gasoline composition and the 
internal combustion process . The searcher was unable to find much material 

in these areas that was at the appropriate level of sophistication, Mo*t 

* * << 

of the characterizations of gasoline and internal combustion wdre highly 
technical .* One simplified description, however, was located and included 

in the product . This description provides diagrams and textual descriptions 

• ■ * * 

of each step-in the internal combustion process . A useful film" was als^f 

~\ , 
identified • . 

*> * 

The section on Problem Impacts was divided into subsections by exhaust 
component as follows.;- * - * * 

• - General Impact of Air Pollution 

• Effects of Carbon Monoxide 

• Effects of Nitrogen Oxides " ** 
Effects of Hydrocarbons 

• Effects of^Sulfur .Oxides* ^ 

• - Effects of Lead - 
Ea^h subsection included tables and figures showing the impact of various 
levels of each chemical on plants, animals, materials, and human health/ 
In some instances sections of articles describing effects on health were also 
included. Following each discussion of effects were experiments which 
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/ 



demonstrated those effects in the laboratory. Appendix E shows an example 
subsection. K 

The final section of the package was devoted to Probiem Solutions and 
Costs. This section contained variable charac^erizatiohs and^ffects for 
alternative solutions in three categories . These are: 

• Emission Control Devices 

• ~ Alternative -Fuels 

• Alternative Engine Configurations . 

The variable characterizations described each alternative in terms of chemical 
emissions and in terrrus of the -costs to the driver and the manufacturer associ- 
ated w/th adop^irigThat alternative. Variable effects included* the impacfcof 
each alternative on the environment. The material used in creating these 
products "were diagrams, tables, brief written descriptions , recommended 
films and lists of organizations inv^t^ed in research on solution alternatives . 
An example from this section is shown in Appendix E. 

Table 11 shows.the neeafe and products which are associated with 
{he. information package ori solid v&aste disposal methods. It can be sifen 
from this table that the package sections and corresponding products have 

V 

1 

the same structure as those discussed for the package on the automobile as 
a source of pollution. The primary difference between the two packages is 
that the solid waste disposal package contains fewer graphics and more 
written description. This difference is a. function of the nature of the liter Jfc^ 
ature genera t&d-ebout the two problem s;.J|iere .was far more quantitative • 
information available on the automobile and its emissions. The organization 
of the solid waste disposal package is'as follows: 
■Hi Problem Description * 

Composition of solid waste 

- Collection of waste . t 

- Disposal of waste as a source of pollution 
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Table 11. Information Package: Solid. Waste Disposal Methods 



As A Source of Pollution 



Package 
Section 


Nee&s 


Products 


" Problem 
Description 

» 


4 

• What is solid wa-ste and 
how much~is there? 

• What are the problems with 
collection and disposal? 

• What forms of pollution 
are a result of various 
disposal methods? 


• Variable characterizations: 
amounts and types of solid 
waste; dispo.sal problems and 
pollution. 

• Experiments/demonstrations to 
identify gpllution caused by 
disposal techniques. 

• Local organizations/individuals 
working in problem- area . 


Problem 
Source 


• What are the disposal 
procedures which cause 
pollution ? 

• What packaging materials 
create a solid waste 
problem and why? 


• Variable characterizations: 
description of packaging ma- 
terials and procedures for dis- 
posing of these materials . 

• Experiments/demonstratii^ of 
how ^disposal cause pollution.* 


Problem 
Impact ^ 


• What are the effects of 
solid Waste on the en- 
vironment? . 

• What%ra v the effects of 
pollutants from disposal • 

N processes on plants/ 
animals,* humans? 


• variaDie eiiects: results show- 
impact of pollutants . 

• Experiments/demonstrations of 
pollution effects on plants, 

.animals, etc*. 


Problem 
Solutions and 
C&sts 


• What are the alternatives 
to existing methods of 
solid-waste disposal. 


# Variable characterizations: 

deSCriDtioJlS* of P^nh' a-ltorn- 

^ ative and its cost. ~ ^ 

# Variable effects: impact of 
alternative on the environment. 

# Local organizations/individuals * 
working on alternative. 



. .. ' 48 

l 




• Problem Sour:e: Disposal Methods and Packaging 

- Dumps and how they are operated 

- Landfill techniques , # 

- Incir^ration processes 

- Packaging that is not disposable. '** 

• Problem Impact - • 

- The effects of collection methods on employees 

- The effects- of pollution c&used by each qjgjjposal method 
on plants, animals, humans 

• Problem Solutions and Costs 

Alternatives to existing collection methods 

- Modification of incineration procedures 

4 

- Creating fuel from solid waste 
Resource recovery and recycling 

J- Creating disposable packaging . ' - ~'\s<0* " 



Ha 



Each subsection in Problem Description, Problem Source and Problem Impact 

included descriptive material composed of a series of extracts from a wide 

range of sources.' Where possible thelse descriptions were followed by 

laboratory exercises. As with the automobile^package, all experiments were 

graded in terms of lgvel of difficulty and equipment availability. The section 

on Problem Solutions and'Costs did jiot contain any experiments. Descriptions 

♦ 

of useful films and tapes were presented in each major section. These de- 
scriptions included abstracts, co$is and rental instructions. Ttie'total • 
package was composed of ;140«pages . 

Both packages were reviewed by three high school teachers and. one 
junior high school teacher. All indicated that the material was organized and 

presented in a logical fashion, and that the coverage was complete, clear 

* *" 

and at the appropriate level of sophistication both for teacher preparation 
and direct student use . * 
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D. College Professor . " 

1 . Tasks ajid Products 

The college professor was interested -in compiling information from ^ 
the literature to supplement and support lectures on. selected topics in environ- 
mental chemistry. Two topics were chosen for information product develop- 
ment; Trace Metals in the Chesapeake Bay; Urban and Stratospheric Ozone. 
Table 12 shows the needs and products associated with these topic 
areas. It can be seen from this table that the needs and products follows 
the same format in each topic area. The, need wras for variable characterizations 
which'describe sources, concentrations and behavior of the variables and for 
variable effects products which provide data on the impact or influence of 
, each variable. 

2. Search Process and Product Preparation 

The search for materials was conducted by a graduate student in the 
School of Library and Information Service at the? University of Maryland. 

Table 12. Environmental Chemistry Course: Needs and Information Products 



« „/Ne&ds; 


* Products 

*> 


• What are t h^^^'ce$ / concentra- 
tions, mob^tfea|fed sinks of 
trace "^^^^ in'^Ha^^esapeake 

• What ar ^^^^p^ical effects 
of the tf^pp^HtaK? 


# Variable characterizations: 
sources, concentrations and be- 
haviors of each trace metal . 

\ c 

• Variable effects: tables, figures, 
showing toxicity levels of each 

* trace metal for various biota . 


# What are the sources, concentra-* 

J tions, mobilities of urban ozone; * 

* stratospheric ozone? 

• What are the effects of various 
concentrations of ozone? 9 


+ Variable characterizations: 

'sources, concentrations, be- 
. havior of ozone. 

• Variable effects: data on ozone 
and its influence on'weather. 
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Approximately 100 hours were required to.ic^nt^f^, lo^g^^bt&fn and extract 
the needed information for the products . The major sources of information 
used in characterizing the sources, mobility, concentrations and sinks of 
trace metals in the Chesapeake Bay were regional technical reports sponsored 
by the Environmental Protection Agency and the Office of Water Resources. 
The professional journal literature, for the most part, did not provide informa 
tion on this local question, "The product on the toxicity of trace metals 
included material from both the technical and the professional literature. 

The search for materials on the characteristics and effects of urban and 
stratospheric o^one was based on the professional journal literature. -Th&* 
process steps, and. the proportion of time spent in accomplishing each step 
were similar to those used in creating the research information packages. 
(See ligure 1, page 27.) Tfye most useful bibliographic source was Chemical 
Abstracts* All citations identified as relevant through tlYis source were 
located, reviewed, analyzed as keys to additional relevant material, and « 
extracted into appropriate package sections 

3 . Prototype Products 

The characterization of trace metals and the effects of various' 
concentrations of these metals on biota was integrated into one* information 
package. This package was designed primarily fo*> student use as ^supple- 
ment to information provided through lectures . The organization Of material 

was by major river or Bay area such as Susquehanna River, Baltimore Harbor, 

* r 
ef c . Within each river the information obtained was divided into sources, 

concentrations, mobilities, and sinks. The material on effects was included 

as a separate section. VIost of the information presented in the products was 

in the form of tables, ficmres and maps. Some examples of these data pre-- 

s|ntations are shown in Appendix F. The total package was 80 pages in 

length . 



All material characterizing and describing the effects of urban ozone 
was integrated into one package. Th e/ material on stratospheric ozone and 
its role in weather modification formed another package. Both packages 
were organized by the major sections of sources, transportability character- 
istics and effects'. Here, again, the focus was on data and its interpretation 
The presentation formats were similar to those used in the research products. 
Each of these packages consisted of approximately 75 pages. 



;. 
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IV. SUMMARY AND CONCLUSIONS 

The results of the project showed that both researchers and teachers in 
the Envirpnmental Sciences do Inquire derivative information products of 
several kinds, both content and method oriented. These product require- 1 
ments are in response to specific task-related nefeds-. The differences in 
research and teaching tasks provide some interesting contrasts with regard 
to structure, level of sophistication and durability of needed information 
products. * | 

Research product needs arise in a context of specific task-related de- 
cisions which the researcher must resolve. In the case studies,, both re- 
searchers had formulated^ general hypotheses: i.e., some herbicide related 
compounds are responsible for the decline of aquatic plants; some food additive 
related compounds promote hyperkinetic behavior in children. Each researcher 
needed derivative information products in order to progress toward the design 
of specific experimental efforts . The general purpose of the products ip^each 
case was to reveal the more promising alternatives and/or to remove sprite 
number of alternatives from further consideration. ^ , J 

Specific structure of a required product is highly^individualistic, re- 
* fiecting the researcher's background and knowledge of the problem area. For 
example, the researcher with the herbicide problem was a chemist ana pre- 
ferred to attack the problem from the toxicity characteristics the loically- 
used herbicides; a botanist given the, same researchfcroblem preferred to begin 



with ajrevjew of the vulnerability characteristics of 4 the local aquatic 'plants * 

f 

Product requirements parallel the researcher's strategy of approach to 
the prbblem. For example, the researcher with 'the _food additive-hyp^rkinesis 
problem started wit|i a product nfeed based on the hyperkinesis-diet literature. 
The strategy being one of efficiency: if the product revealed pattern^ of diet- 
hyperkinetic behavior, the diet components could be analyzed foe cqmmon 
additives, and the researcher would have quickly identified the most promisirig 



chemical compounds for experimentation. In the present case, the information* 
product revealed no high-confidence relationships; the status of the diet^^v 
behavior research literature did not provide a basis for strong conclusions of \ 
the kind needed for the researcher to proceed. Consequently, the researcher's 
next step was to review lists of food additives, characterized by chemical 
structure, for the presence of compounds which had/established effects on 
more fundamental physiological processes at the cell and organ level. 

Teacher product fjeeds arise, in the context pf tasks such as lecture 
preparation and reading selection. - In performing these tasks the teacher is 
concerned with organizing information in a fashion which maximizes«commun- 
ication to students . The need for information is not as an input to decision- 
making but rather to assist in presenting known principles arm facts in a 
coherent, interesting and comprehensible., form . Therefore, the teacher does 
not require~the most up-to-date, highly technical experimental results needed • 
by the researcher but rather. a clear presentation of information at the textbook 
and science magazine level of sophistication. " *" 

The structure and organization of the information product is guided by 
the teacher's approach to the topic area . However, products developed for 
one teacher should 'have applications for other teachers using *a similar ap- 
proach. In the present leacher case study, the two information products were 
designed around practical environmental problems . Both the product on 
automobile exhaust and the product on "solid waste disposal* contained sections 
on problem description, problem source, problem impact and problem solutions. 
Any ^acher interested in communicating to studentafon the practical environ- 
mental problems of automobile v eSs^aust and solid waste pollution should find 
these products useful. 

r t ^ 

The products developed for teachers have more durabili-ty than those ^ 
designed for researchers, ft researcher needs an information product to help ' 
perform a research f5roject task. Once the task is completed, the product has - 
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served its-purpose. A'teacher can use the same product several times to 

i 

.communicate to different groups of students". Over time, a product may re- 
quire updating but much of the original material describiji§ scientific principles, 
should remain usefuK * \ 

Th^ general evaluations df products by researchers anc^eachers suggest 
that research results presented with a minimum of contextual information are 
usable in developing a further understanding of the variables in Question. 
That is 4 it is pbssible to satisfy information needs through a compilation of 
literature extracts and these extra cts.^can be used by researchers and teachers 

0 

without additional descriptive material from original articles . In order to 
substantiate these findings, more detailed methods of product evaluation 3re 
needed. In the present study, product users were asked to evaluate products 
from two standpoints. First, did the information in the product help satisfy 
the task-related :needs? Second, was the information presented in the product 
usable without refec§pce ta the whole article? As stated above, the responses 
from both researcNlps and teachers were generally positive; both groups felt * 
the products frere&boriplejte' and workable . However, these evaluations lacked 
specificity. Onefre^son for the lack of specific response was the size of the 
products^and the tijrife^allowed for evaluation. A second rfeason'was the time 
lag associated wit^ product' development. In all gases the users proceeded 
"with, their task*^ w^le f Vodt^cts were being developed. A third reason was 
the generality of the questions- posed by the* product developers. * Further wock 
is needed toward designing a more fesponsive evaluation system." 

ALLinformation products were prepared by information socialists using, ^ 

* V T * fit * X ~ 

traditional bibliqgraphi.c tc&ls. The major expe nditur e of tiftefand £ffort & in 
the^product development process was devoted, to the identification and retrieval 
. of relevant dpguments . This part of the procedure required 75% of the searcher' 
tJme"for both research products and teacher products while materiai^xtraction • 



and compilation involved 25%. These figui^si suggest that an investment of 



a relatively small amount of time can result in the development of products 
which specifically focus on the needs of the individual user. The user can 
be provided with an organized compilation^ excerpts as opposed to' a set 
of full text documents * 
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' . Interview Guide . 

Labo&tory Manipulation Research 



1 . Define Research Problem 

— * : : 

• Out of whit context did the research problem arise: a literature 
review, prio^gersonal research work, an applied problem area? 

• What was the. purpose of the study? 

^ • • Whlaf boundaries were imposed on the scope of the problem? 

• What information resources/products were used at this stage of 
f research^Jajining? 

2 . Identify' and Describe Variables ^ * 

• What variables were considered relevanMo the problem area? 

• How was 4 the variable domain pared down for purposes of the 
experiment and hpw were selected -variables handled:,, sys- 
tematically varied, held constant, randomized, taken as is 
aii^ measured? | 

• What information support was required at this stage: lists of 
variables\properties of compounds, characteristics of organisms, 
known interactions among variables? 

3. Select Measurement Methods - ~ * 

• What is the dependent variable - What will be measured? 
, • How will measurements be made? 

• Is there a need to make measurements which are comparable 
with other research stiK^s? • 

• What information about methods is needed to proceed in selection 
and development of methodology? What is the best format for pre- 
senting this information? 

4 . Develop Experimental Design < * 

• What were the main considerations in seleCtipg the design: 
factorial vs. correlational \ forexample. 



/ 



• Did this task require information support? Could available materials 
. be improved upon? 

. v . ■ • * 

i 

■ . • • :. v • •• . 



i-s — Select/Dev elop and Obtain Test Materials and Apparatus 



t How did you decide on apparatus requirements? Did you build it 
yourself or buy components and assemble? 

' - • How did you obtain required compounds/organisms, etc.? 

• How-did you select/obtain measurement equipment?. 

• Were there information resources available for the«e tasks? 
Did you have problems in their use? How could the information 
support be improved? 

JL Maintain Sample Compounds/Organisms . 

• How did you insure sample integrity: purity of compounds, sur- 
vival of organisms, etc? Did you find a need for information-^ 
support here, could there.be better information products" sup- 
porting this task,? " • 

i 

, •> — J 

7. Data Collection ' f f ~* 



• Were these tasks done manually or with^nputfeftupport? 
Were there information support needs ijj this\ask area?. * 



8 . ^Analyze Data " 

What are the methods of analysis? 

• Are computers required? 

• Will statistical tests be usfed? 



# What information is required to facilitate this analysis? 
9 . Interpretation of Results 

• How was research related to prior knowledge in the field? Data 
comparisons, functions* compared, graphic or tabular integration 

. of other research results? ' 

"""" * \ 

10. Report Results - . ^ 
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v Interview Guide ^ 
i Field Observation Research 

9 

1 , Define Research Problem 

• What is the purpose of the study? 

• How was research problem selected? 

• Was any information needed to help imbounding the problem 
statement'? . , 

2, Characterize Research Environment 




• What is the research environment - forest, sjpeam, bay, marsh, 
etc.? 

• What do you need to know about environment before research 
can be initiated? ' 

- Physiological characteristics 

- Interaction between plants, plants and animals , etc. 

• Is information needed for this description? What is the best 
format? 

V 

3, Select Specific Research Site(s) , 

V 

• Where will research be conducted? 

• What criteria are used for selection? * ~ 

• What kind of information is needed to assist this process? 
What for ma fr? . ^ 

4, Selection Measurement Methods* 

• What is the dependent variable - What will be measured? ■ 

• Hoyr will measurements be made? 

• Is there a need to make measurements which are comparable with 
mother research studies? 

• What information about methods is needed to proceed in selection 
and development of methodology? What is the best format for 
presenting this informatioi)? \ 
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$ » Select/Develop Apparatus 

• What apparatus is required? 

• Is it available or ctoes it have to be built? 

• Is the construction and/or operation of the apparatus under- 
stood, is information, support required? ^ 



J 



6. Develop. Data Collection and Sampling Plan 

• How many samples will be taken? 

# HdwTrequently will samples be taken? 

Is information from other research efforts important to the data 
collection plan. . - ^ 

Collect Samples * P 



re- 



• Any problems in implementing the methodology, taking me J 

ments? • 

/ 

8/ Analyze Samples, Analyze Data 

• What are methods of, analysis? 

. • Are computers required for analysis? 1 
' • Will statistical tests be us'ed? 

• What information is required to facilitate this analysis? 

9 . Interpret ^Results 

• Pfe data compared to results from other research? 

• What needs to be known about other research to make adequate 

• comparisons?' , " 

10*/ Report Results 
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Interview Guide , , 

' ' ' Teaching 

I» Select Course Objectives > " 

• What are the objectives/purposes of the course? 

• How should the course effect or change the students T Increase 
knowledge, skill, change attitudes? 

2 0 Determine Course Format • 

m s How is* material presented - lecture, discussion, reading, 
s laboratory, field work? 

• What presentationginethod is emphasized? - ^ 

Is there an attempt at integrating lecture, laboratory, etc.? 

\ 

3 . Select Course Topics , 
\#yUtfhat topics have been selected for presentation? 

• What criteria were used for their selection? 

What types of inofrrriation support wa soused in this selection 
process? What type of support would have been most useful? 

4. Select Student Reading 

• Aire students given outside reading assignments? 

• What is the purpose of outside reading? ^ 

• WHat criteria were used in selection of reading materials in 
addition to the topic (content) coverage? 

5 / Prepare for L6cture/Dlscusslon 

• What types of information support ar^ needed when preparing 
presentations on familiar topics? Orvunfamiliar topics? 

• What formats are most useful for class presentation: tables, 
- > charts, tapes, pictures, text, films**, slides? ■ 

** j . 
6... Select Laboratory Exercises 

• What are the laboratory exercises: content, level, etc.? 

^ s • Are the laboratory exercises integrated with the lecture or other 
parts of the course?^ 

A- 7 -v 
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• m # 

• How were exercises selected - criteria? 

• Do students do independent projects'? 

• Is information support required \x\ the selection of exercises? 
so, what specific types of information would be most useful? 

• Do students need information support in performing exercises? 
In- writing up results? - • * 

Select Field Exercises ' 

• What is the purpose of the field exercises? 

• How are the field exercises 'selected? ( 

• Do the students require information support in performing these 
exercises? What specifically is needed and in- what format? 
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CHEMICAL COMPOUNDS USED AS HERBICIDES IN MARYLAND 

' 1 . Atreteine - 95% use for corn » 

Trade names - AAtraex - 80W<or AAtraex 4L 

AAtram 20G . ^ 

Aiatol 8P 
Manuf. - Cibageigy / 

Alachlor - 90% used for corn and soybeans 

Trade Name - Lasso * 

Manuf. - Monsanto Co. / 

*■ 

3. Lienuron - 92% use for soybeans 
Trade INJeme - Lordx 
Manuf. - DuPont % 

4. Paraquat - 85 % use for soybeans f 

* Trade Names - Gramoxone 
Manuf. - JCI Plant Protection, Limited* 

* Trade Name -'vOrotho-paraquat 
Manuf. - Chevron Chemical Co. 

5. Chloropropham - 3'0% use on alfalfa * • 

Trade Names - Furloe 

Chloros^tc^ 
Sproutnip 

Manuf. - PPC Industries 

< 

6. Simazine*- 30% use on alfalfa and corn % 
Trade 'Name - Princep 
Manuf. - Cibageigy 
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Trifluralin - 20% use on soybeans . 

Trade Names - Treflan " t 
■ Trefanocide 
^ Elancolane 

Manuf. - Elanco Products Co. 



Dinoseb - 15% use on soybeans and alfalfa 

* 

Tiade Name - Premerge Weed Jailer 
Manuf. - Dow Chemical Co. ' 
Trade Name - Basanite 5 
Manuf. -BASS Co, Germany 

iL" Chlorbromuron - 10% use on soy beans 

Trade Name - Bromex ^ 1 
* * Manuf. - Nor- Am ' , • 

Trade Name - Maloran 
Manuf. - Cibageigy 



10. Butvlate - 10% ule on corn 
t Trade Name - Sutane 
Manuf. - Stauffer Cherfitoal <Jo . 



v 



-Cl,-. - low volatile est^ r ^40-50% use on .small grains- ~ / 

~ Trade N.ames - Wee'don, Chipman, Esteron, etc (30-40 different trade 

12. EPTC - 10% use onjat jalfa • . * 

s Trade Names - Eptane * . - 

Knox Weed '•. . - ' * t 

Eradican. 

, * 

..Manuf. -■Stauffer^Chemical Co. 
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13.. Benefine, Benefluralin (common names) - 15% for clover and alfalfa 
Trade Names - Balan 

> 

Balfin * + 

Banafine 

^ Qui lan * 

Manuf. - Elanco Products Co. 1 




Order'' of Herbicides Based on Tons of Use as Estimated by J. V. Pardchetti, 
University of Maryland . - v « ' < 

* * 

1 . Alachlor - high percentage increase in use since 1968 , • 

2 . Atrazine 

3 . Linuron 

4. Dinoseb , 

5 . Paraquat - very unlikeiy as cause of plant decrease, highly adsorbed to 

soil and will not desorb (Paroch^tti) - « 

1 6* Simazine • 

7. Butylate ' ■ 

8. Trifluralin - unlikely as cause of plant decrease, leaches little, in- 

corporated intp soil\( Parka and Worth / 19 65) 

9 . EPTC . ' " • • 
10: Ghlorbomuron 

I 

11. 2-4- D , 

12 ^ ^enefin " * 

13. Chlorpropham 
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*1. 

*2. 
*3. 
**4. 

• 5. 
6. 

'« *7. 
8. 
*9. 

10. 
11. 
if. 
13. 
,14. 
15. 
16. 



AQUATIC PIANTS OF THE CHESAPEAKE BAY 
(in order of relative abundance) 1 



Widgeongrass (Ruppia maritima) 
Redhead-grass (Potamoget@n perfoliatus) 
Eelgra^;s (Zostera marina) 
Algae 



South ern\NaiaH (Najas guadalupensis)'- significant decrease - 1971-72 
Naiad (Najas flexilus) m ■ — 

Sago pondweed_{Potamogeton pectinatus) 
Eurasian watermilfoirtMjjTiophyllum spicatum) 

Wildcelery (Vallisneria amentqana) - Significant decrease - 1971-72 

Common elodea (Elodea canadenk{.s) 

Muskgrass (Chara spp<.) - algae 

Horned-pondweed (Zannichellia palus^is) 

Coontail (Ceratophyllum demersum) 

Slender pondweed (Potamogeton pusillus) 

Waterchestnut (Trapa natans) 

Mud Plantain, waterstargrass (Heteranthet 

^ reniformi^)/ 





a dubia and Heteranthera 



Kerwin, Munro and^Peterson. Distribution and abundance of aquatic vegeta- 
tion in the Upper^ Chesap^ake^Bay/1971-1974 . . September 1975 (draft) . 

*Food sources for "water fowl. m : 
♦♦Included Genera Ulva, Enteromorpha, Ceramium, Polysiphbnia, etc." 
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I. COLORINGS • 

si 

A. Certified Colorings 

1. Amaranth, FD&C Red No. 2, C.I. #16185 

2. Erythrosine, FD&C Red No. 3 ,'C .1 . #45430 
* 3. Indigotene, FD&C Blue No^-2-^.r. #73015 

. 4. Tartrazine, FD&C Yellow No. 5, <* I. #19140 
.5. Fast Green FCF, FD&C Green No. 3, c'.I. #42053 



«. .Ponceau SX, FD&C Red No. 4, C.I. #14700 (maraschino cherries - 
, max . 150 ppm) . • • 

7 v Sunset Yellow FCF., FC&C Yellow No.. 6, C.I. #15985 

8. Brilliant Blue FCF, FD&C Blue No. 1, C.I. #42090 . 

9. Benzyl Violet 4B, FD&C Violet No. 1, C.I. #42640 

10. Citrus Red No. 2, Citrus Red No. 2, C.I. #12156 (orange skins - 
max. 2 ppm) 

,11. Orange B, Orange B, C.I. - (frankfurter and sausage casings and 
surfaces - max. 150 ppm) . 



12. 



— /FD&C Red No. 40, C.I. -- 
B. Colorings Previously Certified ' 

- 1. Light Green SF Yellowish FD&C Green No. 2, 1907-1966 

2. Napthol Yellow X (Sodium Salts), FD&C Yellow No. 1 , 1907-1959 
C.I. #10316 % '• • 

3. .Orange 1, FD&C Orange No. 1, 1907-1956 

4. Ponceau 3R, FD&C Red No. 1, 1907-1961, C.I. #16155 

5. Sudan 1 ) * 

, ' - 1918 - withdrawn -6 mos. after certification 

6. Butter Yellow ) - U 

. 7. Yellow AB, FD&C Yellow No.' 3, -1918-1959, C.I. #11380 

. 8. Yellow OB, FD&C Yellow No. 4, 1918-1959,. C.l. #1139-0 

9. Guinea Green, FD&C Grsen Nd. 1, 192^-1966 ' 

10. Napthol Yellow S (Potassium Salts), FD&C Yellow No. 2, 1939-1959 ' 

' CI. #1,0316 * ' 
/ ' 

11.. Orange SS, FD&C Orange No ."2, #1939-1956 ' ' ' 

12. Oil Red XO, FD&C Red No. 32, ^1939-19/56 

1 • - 

B-8 



♦ / 



n. FIAVORINGS 



.1. Acetophenone 

2. Benzaldehyde 

3. Benzyl Benzoate 

. 4 . Benzyl Salicylate % 

5. Cinhamaldehyde ^ 

■6. Cinnamic Acid • , 

7. Dimethyl Anthranilate- 

• 8 ; ' Ethyl Anthtenilate 

* ' \ 

9 . Ethyl Benzoate 

1 0\ '2-Ethylbutyral&ehyde 

11- Ethyl Cinnamate ^ 

12. Ethyl Salicylate 

13. Eugenol * 

14. Isoamyl Salicylate \ 
15.. Isobutyl Phenylacetate 

1 6 . Isobutyt Salicylate 

17. Isoeugenol 

/ 

1$. p-Methoxygenazldehyde 
19. Methyl Anthranijate 
. 20 . Methyl Benzoate 
21. Methyl Salicylate 
£ 22. Phenethyl Phenylacetate 
23. Phenethyl Salicylate • 
24 .• ' Phenylacetic Acid 
25. Vanillin ' * 



> HI. PRESERVATIVES 

1 . Butylated Hydroxymethylphenol 

2 # Butylated Hydroxyanisole (BHA) 

3 . Butylated Hydro sytoJ^ne (BHT) 

4 . N^nzolc Acid 

5 . Sodium Benzoate 
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APPENDIX C 



x RESEARCH STUDIES ON HERBICIDES AND AQUATIC PLANTS 
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Widgeongrass 
(Ruppia Maritima) 



Redhead-Grass, Sago Pondweed 
Slender Pondweed ✓ 
(Potamogeton, sp) 



Eelgrass 
(Zostera Marina) 



Alachlor 



frank 



Atrazine 
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Dinoseb 
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Younger (1959) 
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Thomas (1967) 
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Naiad 
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Watermilfoil 
(Myriophyllum Specatum) 
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" (Vallisneria Am.) 



Elodea 
(Elodea Canadensis) 
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Younger (1959) 
Stanley (1974) 
Steenis and' Elser (19 67) 
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.3 ^ ^ Coontail 
*>.) TCeratophyllum, d.)^ 



JWater£hestnut 
v (Trapa Nafans) 



Waterstargrass 
'(Heteranthera sp.) 



Horner-Pondweed 
(Zanichellia 
Palusties) 



Walker (1964) 



Lawrence (1965) 



Blackburn (1963) 
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•Walker (1964) 
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Information Eroduct Outlines 



Content Overview - A-l Identification' 



Time History of Chemical Change 



Chemical Compounds Used 
by Area" Farmers in* Herbicides 



jEffects of 
Microorganisms 



Effect of 
Sunlight 



Effects of 
Leaching Through Soil 



Other Effects 



d 
i 

CO 



Dinoseb 



-feftyl-4, §- 



2-sec-blftyl-4 , §-dinitrophenol 
(2- ( 1 umathylpropyl) -4 ', fr- \ 
dinitroWieHol) 



or 



Dinitro-o-sec-butylphenol 
OI 



N0 9 "if /V CH - CH 9 - GHo 

2 Kg. i - 3 

** * 

Melting point = 38-39 °C 



V 



There is microbial 
breakdown and 
dinoseb doesn't 
build' up in the 
soil , 

(Herbicide Hand- 
book, 19 76) 

On silt loam < 
treated for 3 x yrs , 
at. 6 lb/a, 15 lb/a 
'-arid 30 lb/a. 
Dinoseb-showed-a 
possibility to c^c- 
.cumulate over the 
years , 
(JxJnes and - 
Andrews) 

- Herbicidal action 
usuallylost 
within'2-4 wks . 
(Mullison, 1970)' 



Does brealc 
down in 
sunlight, 
'(Matsuoand 
Casida.,^ ^ 
,1970) ' 



Solubility in wajer at 
25°C = 0,0052 

Nof tightly adsorbed on 
mo§t soils. Can leach . 
in porbus sandy soils/ 
but under normal con- 
ditions it shouldn't 
leach out of the top 
foot of soil in the 
first year, 

(Herbicide„Handbook t * 
1974) ._ \ 

RF value J^4 
(Guardigli, ..Chow and 
Lefar) 



Vapor pressure at 
151 .1°C'= 1 mm Hg. 
(Herbicide Hand- 
book^ 1974) ' 

Volatilization is one 
method of residue 
dissipation;- - 
(Matsuo and^'' 
Casida,^l970) 



Behavior in Plants 
D. f Physiological and Biochemical /Behavior 
1 . 



Foliav absorption characteristics: Principally direct bbntact effect. 
Salts reaaily washed 'from foliage; oil scUutiofT^dre : Tesistanf ; ^ 

2 . Translocation characteristics: Essentially no true translocation. 

~ • ti 

*\ No residues have-been traced to foliar er-rset-tiptake . 

3 . Mechanism of action : Direct cell necrosis . 

4 . Biological properties other than herbicidal; Has fungicidal and 

insecticidal properties. / }: 

Herbicide Handbook (1974) 
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Coffeyand^ATarren (1969) 
.WeeTSci., pp. 17 & 18 
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* » 

- Adsorption (continued) ■ , 

The adsorption of DN'BP in shown in Figure 1 . Most striking are&he 
total adsorption of DNBP by the anion exchanger and the la'ck of any adsorption 
by bentonit&at pH 8.4 . Beritonite also adsorbed, nearly all of the DNBP when 
the pH 'was F.3 . § I 
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Harris and Warren (1964) 
Weeds/ 



Leaching 



Table 2. Ph)sical jmal)sis of soils. 



Soil Separate , 


Size limit 
mm. 0 


Norfolk' 
sandV loam 
% 


Deer Creek 
silt learn \ 

% 


Kaufman sdYy 
clay loam 
% 


Wry coar<e sand 
Coarse sand 

Medio in sand ... »» 
Fine sand 
Very fine sand^ 


ZO -1 0 
J 0 -0,5 
0 5 -0 25 
0 25-0 10 
0 10-0 05 


6,6 
21,4 
It 0 
31 5 

8 r 


0 1 
03 

0 1 

1 6 
130 


• 0 3 
► 3 1 
3 3 

n.o 

7 6 


Total sands . . 

clay 


'20 -0O5 
0.05-0 002 
» -0 002 


78 6 
15*0 
4 6.4 


4 15 0 
68 2 
*V J6« 


25.3 
52 6 
22.1 • 


Totals ... \ 




•> 100 0 


1000 


100.0 

i 



'labh ). Chemical anal\Ms of SoiN. 



Soil 
Type 



Norfolk sandv 

loam 
Deer Creek silt 

loam 
Kaufman silt) 

clay loam. 



Or e,nu< 
marrr 
cooient 



'1 14 

o sr 

2 02 



Soil 
reaction 
pH 



6 00 



5 65 
p6*5 



Cation j Exchange- ! Pricfnia«e Ex( hant , e . 



etrh^n?e | ahIe ( <A laktum 
capacity | mf /t00 . j saturaiion 
tn e /I00g 



2 

14 16 

16 35 



1 2S 
9 6? 
13 SI 



49 8 
67 9 
«4 S 



abii- K 

m e , lOOij 



0 153 
0 425 



1 xrltan«e- ie > 
ahle \a 
lOOg 



0 182 
0 326 
0 256 



Davis and Selrrian (1954) 
W6eds, pp 12 & 13 • 
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Leaching (continued) 



Table f Distribution* of dinitro" in Norfolk sandv | OJ ,n Icnched ustli it huh 

Of Vs.ltlT. 



$$il tcrtion* 



Composition I) j Cuinj^ 



I 



Drpih 

V-i.O'- . . 
-*0'-lH' 

m Ul'-2 0' 

Total recovered 
\mount added 



I.h ' 4 
4 22 
1 25 
1.19 
0 45 
0 08 
0 05 

9 24 
9 40 



II 
I.h a 

4 :h 

* 21 
j :h 

(1*4 s 
•I Oil 

r , 

•> w 

9 40 
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"Table 5. Distribution of-diniiro in Norfolk <jfiih loam leached with 1 0 inch 

of vTiicr. 



Soil section 



Composition D i * Confp«»>>:»on £ 



Depth 



K'-i o* .. 
i.o'-iK' . 

1H'~2.0' 
2.0 '-2H'... 
2H-3 0'.. . 
W-3K' 



"Total recovered * 
Amount added.. 



l.b./a 
1 84 
1.92 
1.82 
1.54 
1 40 
0 20 
0 04 
001 
0.0 t 



8 76 
9.00 



II 

I h 3 

2 08 

: io 

1 55 
1.32 
0 18 
0.03 
0 02 
0 02 



,9 15 
9.00 



I.h j 

1 84 

2 00 
1 96 
1 55 
1 31 
0 19 
0 03 
0 02 
0 01 

8.98 
900 



I 

1 h U 

2 58 
2.03 
1.5o 
1 19 
1 06 
0 23 
0 04 
0 01 

v 0 02 
— 1 & 

9.00 



Com post i ton F 



! I >> 



II j ^ 

-i i Lb jt 

2 'X ; -2 65 

1."5 J 1.88 

1 yt i i 48 

i n } i.2o 

1 V) 1.12 
4 O.M j 0 23 
0<«H , 0 04 

002 : o.02 
ooi~-| o^rn 



H.W 8 63 
9 00 | 9 00 



"I 4 

lb a 
1.47 
1.76 
2 01 
1.69 
1 54 
0.28 
0 03 
0 02 < 
0 01 



•II 



Lb a 

1 86 
1.93 

2 10 
1 54 
1 27 
0.12 
0 03 
0 02- 
47 0! 

8 81 8.88 
9.00 9.00 



a v. 



Lb. /a. 

1,67 

1.84 

206. 

L61 

1.41 

0.20 

0.03 
.0.02 

0.01 

8.85 * 
9.00 



Table 6. Distribution of dinitro in Norfolk sandy loam leached with WA 
inches of water. 



Soil section 



Depth 

•HP::." 
Nk. ■: 

i.o'-iM' 

tH'-2.o' 

2.0 '-2H'. 
2M'-3.0'... . 
3Q'-3K'* V:; 

Total recovered 
Amount added. 



Composition D 



In 6' tube 



I 



II 



1 54 
1.44 

1.33 
J.31 
1.92 
0.86 
0 18 
0.02 
0.03 



8.63 
9 00 



Lb fx 
1.58 
1.28 
1.36 
1.30 

'1.94 
0.92 
0 15 
0 02 
0.02 



8 57 

9 00 



In 24' tube* 



I 



II 



0 68 
0.75 
1.16 

1 47 
2.36 



1 5tf 
J 36 
1 34 
1 31, 
1.92i, 
0.89* 

0.17; 

0,02 
0 02 

8 60 7.94 

9 U0 C 00 



0v 
0 02 



Lb At. 

I 1.25 
1 35 
1.52 
1 52 
1.55 
0 38 
0.10 
0.04 
0 02 

7 7\*» 
9 00 



0T 
1 05 
1 34 



Compo<mon 
In 6' lube 



j 



.UJLL 



t 61 
1 44 
1 55 



I 50 t 1 42 
! 95 I 1 84 
0.73 0 65 
0:21 0.12 
0 06 1 0.02 
0.02 j 0 02 

7 Si I 8.6 7 
9 00 j 9.00 
I 



Lb /a 
1 22 
1 61 
1 65 

*1 76 
0 69 
0.18 
0J)4 
0 01 

8.66 
9 00 



i 1.42 
1.52 
1.60 
J 46. 
1.80 
0.67 
0.15 
0.03 
0 01 

8 66 

9 00 



Com position 
F 

In 6' tube 



3jT[ 



1.54 
1 34 
1 44 
1.31 
1.92 
0,91 
0.72 
0 02 
0.01 

871 
9.00 



Lb. /a. 
1 89 
1?50 
1.45 
1.28 
1.65 
0.72 
0 15 
0 02 
0.01 



8.67, 
9.00 



1.72 
1.42 
1.45 
1.30 
1.78 
0.81 
0.18 
0 02 
0.01 « 



8.69 
9 DO 



•Four 6-inch steel tubes-taped together- at joint! 



. In Dear Creek silt' loam - movement stopped at' 4 11 . 
• In Kaufman silty clay loam movement stopped at .3".. 



Davis and Selman (1954) 
Weeds, p. 18 
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Leaching (continued) 
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Fio. 2. *i lie rate of movement of 2.0" of water into the soil and the resulting ilis- 
iiilnuioii of oil-soluble dtnitro in three *oil types. 
\ 



Davis and Selmah (1954) 
Weeds, p. 16 
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" leaching (continued) 
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Ftc. 3. The rate of movement ot 2 0iiuhe\of uaici iuio the >oil and the resulting 
di>tuluition of uutei 'soluble diuitic/ inonc <ju:u tlri" inch mUhtiin of tlucc \oi! 
npes. . g . * ' > . 



/ Davis '.and Selmari (1954)' 
' 1 Weeds A p. 17 
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Effect of Rainfall 
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HER8lCiO£ 4 

/•'#l»ni#' Pout-mage clc-sic Nation of mango (greenhouse) as a result 
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Bovey and Diaz-Colon (19 69) 
Weed Sci. € 
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Effect of Rainfall (continued) 
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Bovey and. Diaz- Colon (1969) 
Wefed Spi,, : p, 157 '< 
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Dinoseb on Apples ; Volatility or Leaching % * * * 

Table 2*. Distribution of Radioactivity in Apples After Topical 

Dinoseb and Atmc^spheric Exposure 



Application of Q 4 C 





■ — f— ; ■ — rr- : 

•Recovery of 


_ 14 cj After. Expo's ure (%'dose) 




Fruit Skins 


. Flesh 1 


tissues ... 




renoQ 01 
Htrnospnsric 
kxpo suijs 


Methylene 
. Dichloride- 

Soluble 
Constituents 


Water- . 
Soluble 
Constituents 


lvieinyiene 
uicnioncie- 

boiUDie 
Constituents 


' Water- » 
Soluble ' 
Constituents 
— i 


•Total 


0.5 h 


90.9 • 


4.4 




Nonfe . 


None 


95.3 


'4. Oft 


• ,81 .7 


11. -8". 


None 


None 


93.5 


8.0 hi • 


'.. 69.. 6 


14.4 




None 


' None 


84.0 


1 day 


68 .7 


9.1 




i .3 


None 


79 .1 . 


2 day. 


52 .6 


9.3 




. 5.2 


None 


67.1 


* •'••4 day'. 


34.2 


2-0.2 




' 6.7 


None* 


61 .1 . 


8 day - 


17.2 


. ,21.2 




• . 3.6 


Npne 


; 48.0 


\ 1 6 day 


, 3.1 


18.1 




7.4 1 


• * "* None > 


"28.6 


21 day 


5.4 ..- • 


-13.7 




" • .7.6- / " 


' None 


' 26/7 


'28 day 


6.1 ' ' 


13:2 




8.*2 \i " 


None 


28.1, 



After 24 hrsv - about 20% radioactivity lost 
After 28 days - 70%' lost, . l - + 



Hawkins and Saggers <1974) , Pestic. Sci . , p 499 



Table 3 . Rp Values on Thin-Lay^r Plates of Authentic Reference Compounds 



r * * » 


Solvent System 4 




Chloroform 


Toluene-Methanol 
• % . (3:1, v/v}. 


Ethanol 






— * — - — v r 




Dinobuton 1 , . - 


■ ' * 0->2 


• •. '0.76-' : -\ 


0.66 


Dinoseb * _ 1 


, 0\71 * 


■v0v67 *• . 


0.65 


2-Amino-4-hi4xo-6-s-butyl 


* " * 






-phenol 


• .0.1*3 • 


t' * 0.53 N 


°0.63 


, 3r (3, 5-Dinitro- 2 -hydroxy phenyl) 








-butyric acid 
* 


, 0.03 


' X " ^ .18 " 

* 


0.46 



Hawkins, and Saggers- (1/974)-, Pesjtic. Sci. , p . 503 



NDinospb on Apples - Volatility or Leaching (continued) % 

Methylene' dichioride «- soluble fraction from skins contained the' anchanged '' 
compound (2*5% of original after 28 days') . 



Greatest'proportion of radioactivity, after 8 hours associated with polar trans- 
formation products - including two compounds chromatrographyically^imilar 
to the amino compound anjq] the carboxylic hcid. " ^ 

» • Hawkins and Sagger's (1974)- 

Pestic . Sci . , 



Dinoseb - Fate on Apples . - ' 

■ * * v 

Readily converted into polar* and water-^lpble'transtormation prtxfucts.-J ' * 

2-a'mino-4-nitro-6-s-bUtylphenol (III) ctnd 3-(3 , 5-dinitreJ-2-hydroxyR^|nyl) 

butyric acid (fy) , and were formed by hydrolysis of the ester, followed by 
♦ . • . 'V* % v • „ •* * » i 

either reduction of a nitro group or oxidation bf the termal carbon in the - 
• . * , * \ » * , • * . • <• ♦ 

s-bi\tyl ; side-cha*in respectively^ * *< 



oh • 

H 2^ CHCH2CH3 




) 



» OH . 
O 2 'N^^CHCH 2 0O 2 -H 

'•' lCV H3 . * : 
"«?- 2 .'/•<'• • 

(ivj • - • - . ' . • 
* Carboxylic Aofd ' 

v Hawkins and Saggers (1974) ,* Pestic Sci., p. 

After application - large amounts of material" 3t§ lost' from the surface by leaching 
or volatiliza-tior^ • „ <- > '. ' . . 

The material remaining undergoes transformation either by photochemical or 

» 

enzymatic action to giye more polar proditqtsrr - . - . ..^ 

- ; ' | 1 \ . . !'■•*;.• ■ • '• * • 1 ' '■' 

V '• , Hawl.ms and Saggers (1§74), Pestic. Sci*.,' p;. 
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Kl'ingrrian (5) reports that 4, 6*dinitro-o-secrbutylphenol is very rapidly * 

rapidly broken down in the soil /la sting only 3 to 5 weeks under warm, moist 

\ 

conditions., Warren t (74) reviews the literature and concludes that once within 
.the soil and under suitable conditions of temperature and moistur^, it will be 
attacked -and quickly decomposed by soil microorganisms . At least 2 species 
of Paeudpmbnas have been "reported tp utilize DNBP as a source of cartlon and 
pnergy '{71) . In terms of time interval, microbiological breakdown in soil ' 
occurs rapidly under warm/ moist conditions', Herbicidal action usuaily is 
k>st.within 2 to 4 weeks under condition's conducive to jnicrobial activity'(5) . ' 
Also reported is lack of any residue from one year to the'next and , consequently, 
any build-up from yearly applications/ This material is not readily adsorbed'" 

by plant roots or translocated within the v plant from the leaves as it acts as a 

< » ^ , 

contact herbicide . Towers (73) points out that plants respond to the appli-. 
* r 

.cation of phenolic substances by converting them to-glycosides . These are V 

N • • / - 

then transferred to sites of low" metabolic activity , where they remain until th.e 

death of the cell . $ • . 

. * . ' , - . Mullison (1970)/ p., 121- " 
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TABLE 1 1 » _ . 

The fcffect of txpofcure to Sunlight. on Total Recovery of Radioactive Residues, 
from Bean Leave* following Application o'| Ring-C iU - labe led Dmobuton and Dinos^eb 



. Hours of 
exposure to 
sunl lght 
after applies 



Recovery 3 ^ of radioactive compounds in residue, %. after application of > 



Dlnobuton 



Uino- 
butqn 



Dirio- 
seb 



Products of 
intermediate 
. *f 'values 



Products Watex- 
at or near soluble Dino- 
ori^ln products Total . seb 



Dinoseb 



Prooucts of 
interned late 
R f values 



Prooucts 
at or near 
origin 



o 

a. 5 
i 

2 
4 
& 

V 

12 
16 

20 „ 



96 
56 
37 



10 

10 



27 ^ % 12 



27 

11 
5 
3 



■h, 



2i ■ 



o 

13- 
'20 
20' 
13 
15 
10 
9 



J 



0 
8 

13 
W 
lb 
•16 

"17 ' 
16 
20 



0 
14 
14 
14 
IK 
12 

8 
10 

8 

8 



100 
101 

94 
87 
?/ 
73 
62 
48 
42 
37 



100 

7b 
40 



a) 



Sum of surface- and penetrated residues. 

s 

T 



P 

12 
W 

11 



0 = 



0 
4 
9 

15 

ia 

16 



fcTotal 



100 
94 
o2 

34 

26 

20 
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' Photodegradatlon - Effects of Sunlight (continued) 

Volatilization is one mechanisrruof residue dissipation for both compounds 
because there is a. progressive loss of the v applied radiocarbon with time. 
A portion t>f theJabeTed materials. i,s not extracted from the plant, accounting for 
another source of loss. The products persisting for 2 -hours or longer after 
treatment mostly fc are degradation products, not dinobuton or dinoseb 



4> 

C 
' 4) 
W 

c 
CD 



/CH 3 
CH 



ch 3 CT^O' "CH 



n ch^ c W0 2 

NO, 



dirvoseb 



dinobuton 



ester 
unknown 



origin 



# phenol 
^unknowns 
B A 



CH 



? H 3. OH 

CH* \j 
» N0 2 



origin _ 

O If 



dinoseb 



products of 
intermediate 
Rf values 



— ^'2. Ethyl acetate 1 v ' ; 

4 4 

Fig. 1. Illustrative chromatograms showing TLQ character- 
istics pf labeled products recovered from bean, foliace 
treated with ring-C^-labe^d preparations of dinobuton 
liett) or dinoseb (right) and exposefl to sunlight. 
* > ' t 

\ ( . Matsuq and Casida (1970) 

' Bull, of environ, contam. & 

* • * " - p. 74 
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Photodegradatftm - Effects of Sunlight (continued) 

Under the photoconditions used, dinoseb converts to more persistent ' 
products of lower R f values . The^ime-sequence involved suggis^that, as 
with dinob'ut.on, the products reoj^ning at or near the origin are the terminal 
products found by the analytical procedure employed.. Differentiation of 
. intermediate products, and intercomparison of these products with unknowns ' 
A and B 'derived fronwdinobuton, are not possible because the. large amounfs of 
interfering plant extractives present disturb the TLC patterns . 

. . . have.pjiotosensitizef activity. In similar studies involving photo- 
degradation under ultraviolet light, dinoseb acetate as a thin film or aS'an 
oxygenated methanol solution yields tsace amounts of degradation products, N 
several of which, by ultraviolet and mass spectroscopy, appear to be 2, 4- 
dinitrophenols containing modifications on the sec -butyl grouping. The 
chromatographic position .(TLC) of phenol, unkowji B is generally that associated 
^witfi isomeric 6-hydroxybutyl- and B-butenyl-2 , 4-dinitrophenols , based on 
comparison with authentic compounds . Interfering materials in the plant 
extractives make it difficult to compare the 'Revalues of the products of dinoseb 
acetate photolysis . Amino and diamino»derivatives of dinoseb chromatograph 
at or .near the origin in the-sdlvent systems used. With* some compounds other 
i than dinobuton and dinoseb, photoreduction of nitro groups takes place when * 
the irradiation is done tinder anaerobic conditions (4,5) f 

M'atsuo and Casida (1970) 

Bull . of environ . confcam . & Tox . , 

' • P. 77 " 
. \ * ' 

'1 - ' 

i K -r 

. . . Also, a portion of the degradation following the application to bean . 

- " ' 

leaves may result from plant metabolism of the penetrated materials; dinosefi 

v - r > **" 

\ and certain esters of dinoseb are known to 'undergo nitro reduction arid side 

* 

' - "i D-18 — " 

ERIC - ' . 1C8 9 - . ' 



Photodegradation - Effects of Sunlight' {continued) 

chain oxidation on metabolism in mammals (6) . In any case, analyses made 
by methods which are specific for dinobuton and dinoseb, or for other 
dihifrophenolic pesticide cfVemicals, probably do not give a reliable measure 
of the residue content of plants treated with the respective pesticide 
chemical . 0 ' • , # ^ 

* • * • 

^ \ ■ katsuo.and Casida (197f)) - 

. Bull, of environ, contamV & Tox., 
' p. 78 • . - 
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< Problem Impact: Sulfur Oxide 
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. $ Problem Description: Carbon Monoxide 

Environmental Pollution. William F* Andrews 



4.5 CARBON MONOXIDE 

(a) Sources. Carbon mcujoxide (CO)/ a colorless, odorless gas, 
accounts for more thanl|l% of the total annual air pollutant 
crimsons in North America. This gas is almost entirely a man- 
made pollutant. The most significant- source is incomplete com- 
bustion, during which each carbon atom combines with only one 
atom of oxygen. Estimates show tha| automobile engines alone 
contribute more than 80% of the global carbon monoxide emis- 
sibns. Combustion in industry, power plants, residential heating, 
and refuse disposal accounts for the remainder (Fig. 4-8). Photo- 
chemical reactions '(reactions initiated by light) of hydrocarbons 
in polluted atmospheres alsckproduce tiny amounts of carbon 
monoxide. Very few natural-sources of this gas are known. Un- 
der abnormal conditions plants can produce^ carbon monoxide* 
Certain marine organisms, such as jellyfish, can emit gas bubbles' 
containing as much a£ 80% carbon monoxide. However, these 
natural contributions are not considered significant. 




GasoJtae motor vehicles 

c - • . 

Diesel motor vehicles 

Aircraft -railfoads. vessels 

* Industrial processes 

t * Agricultural burning 

r 

Solid waste disposal 
Forest fires 1 

Stationary sources of fuel combustion 
(wood, coal, fuel oil) . 

Structural Area, coal refuM burning 



0.2% * 



j*6% 
**/9.6% 
] 8.3% 
]7.8% 



1.2% 



J 1.9% 



1.4% 



J'- 



"""I 59.0% 

— ~j • % 



Total emissions of carbon monoxide 
i.OxiOMona/yr 



Fig. 4-8. Nationwide source^ of carbon monoxide emissions 
U.S. 1968 . (Data. published by U.S. Department of Health, 
Education, and Welfare .) • , 
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Air Pollution . A. Nadler 

Table 2 . Carbo'n Monoxide Levels at Various Locations 



■. ■ / 

Location / . • 


. \ CO Levels 
(in average ppm's) 


— y — -, ■ 

Los Angeles Freeways' 


f . 

< 37-^ 


^ los Angeies rrfieways, slow, 
heavy traffic/ / 

Los Angeley, severe/- , 
inversion? ^ . / 

• Parking Parage 


54 j 

3QT for over-, * 
8 hours 

59 


Cincin/ati intersection 


20 


Detroit, shon peak* . 


100 , 


Detroit, residential area , 


2 


Detroit, shopping'a'rea 


10 


Manhattan intersection # 


1 5 all day long 


• yslowed industrial exposure 
/ for 8 hours (for compari-' 

/ soA ) 


1 50 recently ldw>- 
ered 'from 100 



Level - Jr\ High. Topic: Carbon Monoxide, Carbon Dioxide / October '71, p. 73 



. ENVIRONMENT 

Air Pollution— Detection and 
Abatemenl 

RICHARD KRAFCHIK, Helping 
TeacheV, Prince George's County 
,—Public Schools," Upper Marlboro, 
r ' Maryland, and ^Participant, Aca- 
demic Year Institute for Scieope 
Supervisors, University of Maryland, 
College Park 

Princc.Gcorge's Couniy is a suburb 
of Washington, D.C., and h;is us share 
of air pollution .as a result of heavy 
ebnimutei tralVic and iiulusti • 1 heie 
is great interest in an ptVlluliotf, even 
*.al 4 the junior high school level, hut I hat 
are few malciiajs oi\ the subject which 
lire appropriate foi* this ^aj»e gioup 
Upon con tae ling the Division ol- \u 
Pollution Control of the count \ health 
department, it became app.u cut jhai 
Division staff h.ul been apptoadied by 1 ' 
many oihei leaeh.ers Ibokigr ioi mate 
rials in this field. I he- Dm aon u.i>hl\ 
agreed to .sei ve* as a VesOnfi e U >• • ma 
tcrials, and set about ^levi lupin- dem- 
onstrations and cxpcimieiUs thai n»ul^ 
be used in the jmm^figh school class 
room and adapted to olhei levels , t s 
well. 1 My role was to bc*that ol "help 
ing ic'iclicr," a liaison; between flu Di- 
vision a*nd the schools k m *. 

Seven exercises were developed iVuni 
sampling iochni(|ucs used ,jj>y the l\ . 
parthient of 'Health. Education, and 
Welfare^ and by the Pnnee dcoigc's 
' County Department of Healjli In addi- 
tion, the Division drew heel) fiom 
available sources; t fro of die most use- 
ful of these are listed in the icfcicnees 
at the end pf this ai title I he* end- 
product was a lo-pagc tc.ichcis manual 
titled "Aii Pollution lixpciiuienis " 

Some of the expei iments. sueji as that 
il lustra UihMltc deterioration of nylon, 
are undoubtedly familiar- to teachers. 



1 would, iherefoic.hkc to describe three 
exercises that may be less familiar. The 
firsj, Detection of Carboy Monoxide 
and Carbon Dioxide, illustrates the use 
of detector tubes in identifying/ pol- 
lutants. The following two exercises, 
Aftcrburnei and Wct-Scrubbcr, ( illus- 
trate current technological devjecs f to 
curtail air pollution. ' 

Infection of Carbon Monoxide and 
Carbpn Dioxide 

, Glass dctectoi lubes provide a 
method foi detei mining the* fucsencc 
of various gases in the .umosp!\i u . I he 
deiectoi tube is a eyliialiK.il glass, tube 
with closed ends .ippu*»\iinalely 6 mm 
in di/iinetei ami Hi em in.k'nuth. Inside 



"of a cigarette as a source of carbon 
dioxide. Keep the open end of the 
detector jubc directly in the stream, of 
smokp, v Release the ,bulb, thus suck- 
ing one bulb voltfme of gas through 
/he detector tube.. The blue reagent 
/ crystals in die tube will charfgc to a light 
giay color in the presence of carbon 
dioxide. 1 Measure the length of the 
giay staih^; then use the calibration scale 
supplied by MSA~to calculate the per- 
edit by volume of e!TH?9n dioxide jn 
cigarette smoke. ThQ^luc you will 
obtain is only approximate*, however, 
since one cannot control the amount 
ol time the gas' is in contact with the" re- 
actor chemical when usjng a squeeze 
bulb. ' - 

\ -A similar procedure may be used to 



»l the 



oiesv, ni in t Ik 



th. n \u\\\. .> i 
.ill lIl.itJM ^ .m 
aspualoi 
i> avait;i!*j^ ii. 
anees ( MS \ j « 
possible to i Mr 



'The ntaluuls wcrc<-.u Uulty -wiiilm by I ictkiick 
V. Wool» i hi. Suini.trt.iii It. DKimoii of An Pollution 
Control, .mil Ai I.IU71 H»ker of iln* f>cp.irtmtnt of* 
Health I dm. it ion, Department of Health. Prince 
Gcor^'s County. Al.iryl.uit) "Tliev ficliMcttcd 
by MicIkIc Hellamc .11 the Thomas Johnson Junior 
High School. Pi nice George's County. 

* Single topics arc available at no co*t from ihc 
Prince l »»,ni County Dcpartmcnl of Hcallh. Divi- 
sion of Atr Pollution Control. Chcvcrly. M.iryl int) 
20785 Semi a self-addressed, 8 '.'2 x ll*inch envelope 
wi^p 32 tent* rclnrn postage. 



jhe^ti.mlilv 
sample 

1 Ik jnoa dii Mi ;:lt ptohleui with usiiy 
,ui\in die ipi.inht) of 
.i oui'h iliem ^ 1 utfbci \ 
.ih a 1,00 cm ! capacity 
11 Mnu Siilely Applr- 
ompaio , • but it is also* 
.in inexpensive uibbei 
l>ull> pump in .t diiigsuiic and cahbiaTe 
lt.ytUHsell- Ji« ealibiale. the bulb i^ 
squeezed (Mice, and die aii passing 
lhi(>ugli it is diKcletl thtough a nibber" 
lube to a bottle .rtianj'.cd io collect gas 
b> the Walei -ilisplaeeinem method. The 
volume displaced is measured '1 hen 
the numlK i ol .stjuee/es \o ciehieve the 
ici|uuejj volume t>f .m How through the 
deteeto*i/**hiTO is computed. \ 

/'/ r nr<lm t\ 9 Obl.nn ji detector tube, 
ami earclully biCak open both ends. 
Squeeze tfic bulb. Place the end of the 
deleelor lube which is more lightly 
packed wilh ctystals into the rubber 
tubing. MaV an air-tight conncctron 
by wrapping a\ubbcr band around the 
tubing that hoick (he detector tube. * 
Use the smoke emitted from the end 



low 
hiown 



the luk H js a Jumical leagent .sensitive 
to the i x .^*y% ^ i>h to detect To use I test for eaibon monoxide. Automobile 
the IuIk. Ma 1 in ed ends aie snapped J exhaust may be used as a source of the 
0I1, and a inwn .oluni< tn the an to be Igas. (Caution: Carbon monoxide is a 
uskU is juiinjvi! ihiiup'h iIk tube A uleatlly gas; do not lun an automobile 
mini *.Ii.iii"i o. iiirsi iL.ti is ulaicd to \notor in an enclosed place.) The ycl- 

dcttctoi chemical will become 
in the presence of carbon 
monoxide ** Measure* the length of the 
Im»owiv stain, and' consult the calibration 
scale to find ihe carbon monoxide con- 
\cnt lest fust directly at the carbon 
monoxide source; then vary the distance* 
liom the st>\jrce. You may wish to test 
a heavily traveled area such as a super- * 
highway at different times of the day. 

The Department of Health. Educa- 
tion, and WclWc has established 
threshold limits foV each of these gases. 
The threshold I hint is the maximum 
safe allowable limiAof a specific gas in 
the atmosphere. Anything oVcr this 



limit is" a hazard to health. The thres- 
hold limit for carbon dioxide is 5,000/ 
1.000,000 (X000 ppniti by volume of 
ait. Ihe threshold linwt for carbon 
jnonoxide is 50/l,000,o\)0 (50 ppm) 
by volume of air. 

Wet-Scrubber 

f he wet-scrubber is one bf the most 
common anti-pollution devices em- 



1 Mine Safety Appliances Company. Pmsbiirj:h. 
Pennsylvania 15208. MSA has detector lubc5 for 
carbon monoxide, carbon dioxide, sulfur dioxidc v 
and many other pn^e\. *A package of 12 (ubci of 
any one type costs approximately S7. Write for a 
free catalog. 
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4 C:irlMin Uioxnlc Uelcdor itibc ro.uiiott: An or« 
IMiiic .inune .tnd the huitciior ih>mol bloc arc 
niiptcen.tied on .Kti\ated alumta.i lliesc clicmicals 
«. han tec from blue to iicdrly while «hcn\ in contact 
with iMibon dioxide. 

r< Carbon monoxide (length of stain) dclcctor*tobc 
reaction. C»rbon monoxide rcavt* with pota^ium* 
pallado sulfite •impregnated on sfliia pel to give a 
hrown Main. 



ployed by industry. It depends on the 
fact that when a polluted -gas stream is 
brought i;ito .contact with water** the 
pollutants arc absorbed by the water/ 
Procedure: Set up the apparatus as 
show'n in Figure J. Place a paper 
towel in a 500 nil flask, and place this 
above the -Bunscn burner. Using a 
double-hole stopper that makes an air- 
tight seal with the flask, insert a 5-inch 

^section of glass tubing through one of 
the holes. The glass tubing should reach 
approximately one-half inch from the 

* bottom of the flask. 

Insert a irinch piece of glass tubing 
into tha other hole of the stopper. Con- 
nect approximately' J foot of rubber 
tubing to the l-in&h piece of glass tub- 
ing, making sure that an airtight seal 
exists. , • 4 ' 

Fill a second 500 m^flask approxi- 
mately three-fourths full of water. 

Taking a second double-hole stopper, 
place two 1 -inch pieces of glass tubing 
into the top. holes. Connect the rubber 
tubing from the first flask (the combus- 
tion chamber) to one of the pieces of 
glass tubing' in the second stlfepcr In- 
sert the wide end of the glass*mpingcr 
into the bottom of -the same hole in this 
second stopper which is connected to 
the rubber tubing. The glass impingcr 
is a straight piece of glass tuning drawn 
to a smaller diameter at one end, which 
causes the release of smaller bubbles.' 
These smaller bubbles bring more gas 
in contact With the water, -Taking a 
second piece of rubber tubing, connect 
it to the remaining unused glass tubing. 
Hook this>ubbcr tubing to a vacuum 
source. 

Heat the first flask (the combustion 
chamScr) until smoke appears. Draw 
a vacuunv*t>n thc^ system causing a 
stream of smoke to be drawn through 
^ the second fl^sk ^thcy^t-scrubbcr) . fi 
Observe Hmrch&nfcc? mytjfic coto 



rch&ngc in/Bip color of the 
water. If sfiiokc collects in the^econ.d 
\ flask above the water, a second wct- 
^scrubbcr can be added. 

Afterburner 

The complete combustion of fuels 
containing carbon and hydrogen yields 

•U>c a watcr-jtfHiun^ypc draft on a iow.prcssure 
mechanical pump Too mucji pressure will pull 
waier through. 




vacuum 



glass impinger T-jjJi'\ 
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ring stand 



IC 



Figure 2. The function of an afterburner In 
reducing pollution can be shown. 



IIH 




Figure 1. Apparatus for demonstrating the 
wet-scrubber, a device used*by industry to 
remove pollutants from gases. 



water vapor and carbon dioxide. Most 
air" pollution results from material that 
is not completely burned. A fire that 
smokes is a familiar* example of in- 
complete combustion. These smokcy 
gases can be reigmted b\ an aftci burner 
to cause the further combustion of the., 
particles that cause air pollution. 

Procedure: Arrange a ring stand as 
shown ,in Figure 2. Clamp a rubber 
strip, and mount it under the inverted 
funnel as shown. (Caution: "Use a 



wet-scrubbers 



small piece of rubber, but do not use 
rubber bands or other rubber products 
which will -pop" and cause burns.) 

Ignite the rubber strip, thus pro- 
ducing a black stream of smoke, the 
unburned 'portion of the rubber. Make 
sure that the stream of smoke is di- 
rected up through the funnel/ The fun- 
nel is employed u> simulate a chamber 
comparable to a boiler or incinerator. 
The neck of the funnel is analogous to 
a smokestack or chimney. Position a 
Bunscn burner 'by hand above the 
stream of smoke until the smoke is 
completely burned and can no longer 
be seen. 

• Explore with your classes the kinds 
of industries that use wet-scrubbers and 
afterburners and the advantages and 
disadvantages associated with each. □ 
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DETECTION OF ATMOSPHERIC CARBON MONOXIDE 

I. BACKGROUND • , 



Carbon monoxide, an pdorless and colorless gas'has its origins 
in rtie incomplete combustion of carbonaceous materials; for example, \, 
auto exhaust. It has lang been known as a noxious inhalant *that 'has -'its 

* * * * 

'effects because of a st^ng af f inity^ for combining with the hemoglobttf^? • 
of: the blopd. When a sufficient amount of carbon "monoxide attaches V 
itself to the hemoglobin in the circulating red blood cells, it reduces s 
the availability of the hemoglobin to combine with oxygen, and this 
results-, in' the reduction of the amount of oxygen available to the tissues*;- 
There are various methods for detection of cairboft monoxide., One ' 
in particulat es the -ustf pf N. B.- S. Colorimetric Indicating 'Gel ' 

* * , , «' » v ,V > ■ 

(National Bureau of .Sta^ards manufacture this)'. - The jjaii, td be analyzed- 

* • ' \ ' y i ' , • i , * , * 

is passed through a tu£e 'containing a silica gel Impregnated with '/ ? \*. 
ammonium molybdate,, .sulfuric acid and palladium- chloride. A yftUow silica- 
molybdate complex "4s "formed, and the palladium' serves -as a catalyst -for 
the reduction with carbon monoxide. Upon reduction, the indicating gel y 
turns from yellow to either a gteen or blue, depending oi)' tjxe cpncerftrafcfon 
jof the carbon monoxide present. ' , n 



i • ■ 

II • OBJECTIVE' 



... . • -v 

To be a^ie to. dfetect carbon monoxide in tht" air.' 

1 V ^ 



III. STATEMENT OF THjS PROBLEM ' '.^ " *' \ 

The purpos.e of -thi\s experiment is't^p familiarize the student*" 
with a simple metjjj^ fqr detection of carbon monoxide in the aiy v * : 



IV. APPARATUS ' AND REAGENTS 



1. * Vacuum pump, 'hand bullxpump or vacuum line for drawing air' Sample 

through tube. ,r . '\ 

2. Absorbent cotton \ 



Guard 



• 4. Indicating gel, 
.5. Glass (filter) tube, about a 7 mm bore 

6. Two' 1-hone No. 000 cork stoppers 

7. Sufficient tubing to fit 7 mm bore tube 

* * ^» 

,8*. Two pieces of glass tube approximately 1 inch each* 

'^he guard*gel and indicating gel may be purcha'sgd from: 

^ * Central Scientific Company 

, Division of Cenco "Instruments Corp. 
237 Sheffield 'St. \ . '/' * 

Mountainside, N.J. .07092 ' f - ; * , ^ y 

Price list- * a , • v \ , ' 

^Catalog #38530, Size Yp - Silica Gel Indicating ^(6-16 Mesh) . . $2. 70 
. , Catalog #38532, Size IP - Silica Gel Refrigeration (Grade ^6-12 Mesh) 
...$2.10 ^ ~ , 

» V - 

V. PREPARATION OF FILTER TUBE . * * " - < \ 1 * 

• ' . > V'f 

1. Clean 7*tnmbqre filter tube with sulfuric acid, «rinse wi-th distilled 
water. Makef sure tube is dfy before usingi ' 

2* Insert one glass tube into one hole No. 000 cork stopper. 

V JJ. s ^t;o^fiLter*tufre, insert a small y^d of absorbent cotton, so that it 
V forms a loose pad against the cork. 

4. Fill the tube with 5 cm length of 'guard get* 

t« - 

5. Add 2 cm length of indicating gel. * > 

6. Then add a second 5 cm length of gtiard gel. \ 

, 7. Insert a cotton pad,, tapping the side of* the' filter twice gently, 
making certain the filter £s packed firmly. * 

\ . 

♦Item ctifecked^s not standard in most "high schools. 
J . • E-8 . 

1 ' 
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r 8. Insert second one hole 000 cork stoppe'r; then, insert the 
other glass tube/ 



isL\: % 



V 



glass tube . 

Q00 cork stopper 



cocton 



guard gel 



indicating gel 



VI \ PROCEDURE \- 



{' * * » • • • 




guard "gel 
cotton 

000 cork stopper 
gl£ss tube • - 



VII. 



Connect a , hose leading to a vacuum pump or vacuum line, to the end 
of the tube. Pull atmospheri/air through the tube until" the" indicating 
gel turns to either green or blue; This is an indication of carbon 
monoxide. \ 

» * 

A v Quantitative Test - 

In order to determine the amount of parbon monoxide, in '-the atmosphere, 
known ambuss of carbon monoxide are passed through indicating tubes, 'the 
resulting colors are used as standards to determine 'unknown Concentrations 
by comparing the colors obtained from pollukd air, w,ith standard colors. 

REFERENCE* , " ' • 

Bell, F.A., Jr., N. B. S. Detector tube Method for Carbon Monoxide in 
Air, Technical Assistance Branch, Division of Air 'Pollution; ' R. *XTtaft". 
Sanitary Engineering . 'Center,-. 1961. 



Problem Impact: Sulfur Qxide' 
»* * * * a * » 

Environmental Pollutiqn , William F • Andrews ^ . 



Effects of Sulfur Oxides. Sulfur oxides combine with 
Jnoisture to form sulfurous acid and the extremely corrosive sul- 
furic acid. 

r Sulfur Dioxide + Water-* Sulfurous Acid ' 

SOt* HsO-tHiSOa 
* » ** 

' * Sulfur Trioxidc + Waters Sulfuric Acid 
< ^ * *SO ; , + MsO-> II2SO4 ■ 

* . < 

^Each day, th£ air which you inhale passes through the 
nasal cavity and the windpipe to contact directly an aVca 25 
times greater than your exposed skin surface. This region is pro- 
vided by the tiny membranes of your lungs. Every square inqji of 
> your respiratory system provides moisture, an ideal reactant for 
v the sulfur oxides whidv enter your system. (They also irritate the 
eyes and the skim) How is the delicate lung tissue affected? Clini- 
cal studies on humans are surprisingly limited to date. Yet even 
if sulfur, dioxide were not regarded as a health hazard, its 
destructive nature would warrant the removal of this gas from 
the air. * 

Acids forming in the atmosphere fall with rain and cre- 
ate havoc with crops and wild plants. Since lichens store the 
~ acids in their roots and then die, botanists use them as Indicators 
of sulfur dioxide fallout. This accurate {est has designated On- 
tario cities such as Sudbury, Hamilton, and Toronto as "lichen 
deserts" because these plants cannot survive in the surrounding* 
areas. The numerous crop plants killed, even at low fallout lev- 
els, include wheat,* barley^, oats, white pine, cotton, alfalfa,, 
buckwheat, Sugar beet, and a score of others. Within a 20 mile 
radius of-Kingston, Tennessee, 90% of the white pine trees have 
been killed: Sulfur dioxide from'a Tennessee Valley Authority 
power plant is the recognized culprit. Over 50 years ago, two cop- 1 
per smelters near Duckto\*yi, Tenn^eev^relealed enough air- 
v. borne sulfur to poison the surrounding.soil. Even |oday,\ this* land\ 
• remains ajmpst totally devoid of vegetation. * " 

f Concentrations of airborne sulfur compounds also 
threaten aquatic life. Rain and snow absorb these compoupds 
and carry the resulting acids into, soil, rivers,' lakes, and ponds. 
Most aquatic organisms cannot survive when the pH falls below 

Wb * ' <SulfuF Dioxide 1 111 
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.Effects: Sulfur <SO x ) 

Energy Environmental Source Book 
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FIGURE 4-3 * , 

Deaths and Air Pollution in 'London, 1952 
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. /Deaths, :iulfur dioxide «oocentratiorfi 4 ^nd particulate massconcen* 
* trationi during the December 1 952 episode In London. (After E.T* 
Wilkinfr^wrni/ of ffar:/foy«/ Smtlftton iMtkutj, 74, 1, 1954.) 
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Environmental Science Lab Manual, 1572. 

. D '. . , 

Effects of sulfur dioxide 



• 


T 




Sulfur dioxide 




Measurement 


concentration, ppm " 


Exposure period and effect 


methods 



Trace 

0.01 to 0:02 



0.02 to 0.03 



0.07 to 0.25 
*v 0.20 to 0.30 for 3 days 
020 to 0.86 for 3 days 



o.?i. 

025 
028 



0.04 

0.08 

0.10 

030 
0.50 



0.5 for 1 sec 
0.5 for *4 hr % ' 
0.5 for 7 hr 
1.0 for 10 mfn 
1.6 fori ta5min 



Yearly exposure 
Metal corrosion begins^ * 
Significant metal corrosion 
Impaired pulmonary function 

Increased cardiovascular- morbidity 

Increased respiratory death rates for area 
studied » 

Detectable chronic injury,to" perennial 
vegetation** ^ v, 

2- to 4-day exposure 
Hospital admissions for cardiorespiratory 

diseases increase - 
Rhinitis, sore throat, cough, and eye* 

irritation rates increased " " 
Cardiorespiratory mortality increased 
Acute vegetation injury r 

24-hour exposure ^ 
Bronchitic patients' health deteriorates 
increased total death rates 
Detectable injury to sensitive vegetation 



Pb0 2 candle 
Pb0 2 Candle ' 
Pb0 2 candle, West- < 

Gaeke 
Pb0 2 candle, West- 

Gaeke 
Pb0 2 candle 

Thomas autometer 



*2°2 . 

By electrocondactivity 

h 2 o; 

Pure gas * 



ha 

HA 

Pure gas 



w Brief exposures 

Visibility reduced to 10 miles at 70% 
m relative humidity 
Cortical conditioned reflexes produced; 
" repeated 10-second exposures 
Visibility reduced to 4 miles at 70% 
humidity 

. Taste threshold / 
Visibility reduced to 0.85 mile at 70% 

humidity 
Odor threshold 

Detectable injury to sensitive vegetation" 
Acute injury to trees an3 shrubs 
Respiration and pulse rates increase 
'threshold forjnducing measurable bron- Pure gas 
choconstriction in healthy people 



Calculated effect 

(No method indicated) 

Calculated^ effect 

Pure gas 
Calculated effect 

Pure gas 
Pure gas 
Pure gas 
Pure gas 



McGuiness, B. J. 1968. Problems of air pollution. Manuscript ^presented at Purdue University. 
Indianapolis, Indiana. 
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Effects of SG>2 - Teaching Activities in 'Environ* Education 



142 

PURPOSE: To dbserve the effects of sulfur ^ioxide on certain 
^material. 

LEVEL: 10-12 1 ^ % 



SUBJECT: \ Science , ^ ^» • 

CX)NCEPT: IV-i Organisms and environments are in constant change. 

PROBLEM: * If- 3 Health' Considerations — air quality. • 

REFERENCE: "A Supplementary Program for Environmental Education— 
Science/ 1 Project I-C-.B, 19ZZ Main Street, Green Bay, • 
WI -54301. : 4 / 



ACTIVITY: 



Use a chemistry laboratory manual of instruction in 
producing sulfur dioxide |S02> from S + O2 or 
Na2S03 + H2SO4. Follow. thj| procedure .carefully and * 
observe all safety rules. ^Collect seyeral bottles of 
pure SO2. . - . ■ 

Using tlvs bottles of pure ^502 > immerse such materials 
as plant tissue, animal tissue, natural fibers, and 
synthetl: fibers into the ? ga6V' Observe changes in these 
materials after an hour and after 24 hours. * 

Locate local industries which produce SO2 a£s ^by- 
product. Ask representatives, of these groups to discuss 
with the class how the company tries to eliminate SO2 
from .its discharge. ; 

' •' v ••• . ' • X 
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Solutions and Costs 
Solutions: Stratified Charge Engine - A,Look Under the Hood 



The stratified charge,engine - One (of the modifications, known as a three- 
valve, stratified charge, carbureted engine is being developed by a Japanese 
firm. Three vehicles using this engine have completed EPA'S 50,000-mile dur- 
ability tests and have met the 1975 standards.. In a stratified charge engine, 
the central idea is 'to supply a rich mixture.near the point of ignition inside the 
cylinder. But the rest of the mixture is kept lean. This helps to reduce the 
mass of nitrogen 6xides fofmed, allowing better burning of hydrocarbons and 
carbon monoxide . < / 

The Japanese firm's engine hasja -conventional block, pistons and spark 
plugs r* Only the cylinder heackaiuJantake and exhaust manifolds are modified,., 
and two carburetors are -useci- instead of one . t 

The -essential part of this system is a, small, pre-cbmbtlsJtion chamber in 
the cylinder he^d . the small chamber contains the spark plug. A rich- air/fuel 
mixture is supplied tcTthis chambej^by one carburetor through the tliird valve. 
A lean air/fuel mixture Is supplied by the other carburetor' t6 \he normal chamber 
through the normal intakes (1) . The rich mixture in' the small chamber {2f pro- 
vides good ignition, and the flame spreads to the lean mixture in the main 
chamber (3) . Burning in the cylinder is slower arid mose efficient than in con- 
ventional engines and by prolonging the combustion most exhaust pollutants 
are burned up inside the cylinder. Test results suggest a g,ain-, rather than 
'loss, in fuel economy with t'his system.- 



A National Academy bf Sciences report says the stratified charge engine 
should be, capable of meeting the 197 6 standards/ if usecfqn small cars. 
Maintenance should be no greater than is required by 1973 conventional ; 
engines. Fuef economy should be comparable to 1972 engines and superior . 
to a 1976 conventional engine equippped with the dual catalyst control system.,/ * 



STRATIFIED CHARGE SYSTEM 
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Solutions: Stirling' Eng,iro _ A Look Under the Hood 



STIRLING ENGINE 

A 



/ 





The Stirling engine — This is an external combustion heat engine. Fuel 
enters at the, intake (1) and bums in the combustion chamber (2). which heats 
gas (hydrpg^i) m tubes (3) . ihe heated g$s expands and forces theViston 
(4) to turf\|^&^ashplat v e (5) that rotates-the drive shaft (6) . The gas moves 
into a- cool^pohamber (7), and' the process is repeated. The engine has 
low hydrocSfhpn and cartion monoxide emissions but is a little high on 
nitrogen oxides . A protptype engine is reportedly heavy, complex and ex- 
pensive. • " • t ^ ' 



1 1 k 
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Solutions: Diesel Engine — A Look Under the Hood 



COMBUSTION PROCESS 
IN DIESEL ENGINE 



NOZZL'E 



MIXTURE 
OF AIR 
AKlD Fyei 
DROPLETS 




HOT AIR 
IN 

CYLINOER. 



The Diesel engine — In the diesel process, only air is compressed in the 
cylinder, while fuel is injected late in the compression stroke and* is ignited 
by the heat of compression. This engine has been tested successfully Jt^P 
EPA laboratories and meets Federal emission limits on carbon monoxide an& 
hydrocarbons. It also obtains '75 percent better fuel economy thaaa con J 
Wshtional .internal combustion engine of the same weighty \* 
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Solutions: Wankel Engine 



Teacher's Environmental Resource Unit: 
The Automobile 

HOW THE WANKEL WORKS ' * 1 




INTAKE 

As the piston at right 
starts downward in 
the cylinder, it opens- 
a valve at the top and 
draws in a gas -air . 
mixture. In the / 
Wankel, this "charge" 
flows* into. the chamber when one 
of the three points- of the triang- 
ular rotor sweeps past an intake 
port (white arrow) in the wail. 





IGNITION ' 
As the rqtor face moves 
down the comparatively 
flat side wall, the gas is ' 
ignited and expanded,, pro- 
viding the thrust to ke ep 
the rotor turning. At 
right, ignition propels 
the piston on its dow 
"pow-er stroke." 





COMPREB^ON ' 

ta=the-WankeIrotqr 
turns, the gas (hvdark 
gray area), is pushed 
toward the sparjk plug,, 
while a second point 6i 
the triangle trails 
.across the intake port - ^ 
and covers it momentarily; A% 
right, the, valve shuts as the 
piston starts upward, beginning 
to compress the fuel mix. 





EXHAUST 

^ The rotor cleans house 
by sweeping the waste 
products of combustion 
out an v exha\ist port (white 
arrow}. While this com- 
pletes the final phase, 
new cycles'have already 
begun in what is a continuous pro*. 
ce§s. In the conventional piston' 
engine, the exhatfst goes out through 
a second valve as-the piston thrusts 

, up for the last* time. 




•Solutions: Wankel Engine A Look Under the Hooci 
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In the Wankel, the intake, compression, 
power and exhaust functions take place 
almost simultaneously in only one turn 
of the thrce-lobed rotor. 



WANKEL On ROTARY ENGINE 



1. INTAKE 



2. COMPRESSION 



3. POWER 



4 EXHAUST 




Wankel or rotary engine - Another Japanese manufacturer is using a totally dif- 
ferent type of spark-ignited engine and j^Ssion control.. This engine is known' 
as the Wanjcejy or rotary. The emission control is called a thermal reactor . A - 
compact car equipped with this system meets the emission standards for 1975. 

The Wankel, 'or rotary, engine has no pistons or conventional valves. Instead, 
the engine block contains one or more rotors shaped like triangles. These rotate 
on aa eccentric shaft in a rotor housing. Compression and combustion of fuel 
take place as the volume changes betv^en the rotor and the housing.^ 

A thermal reactor is a high-temperature chamber that replaces the conventional 
engine's exhaust manifold. In the Japanese firm's sy^em, hot gases from the 
rotary engine enter the reactor where further burning of hydrocarbons and carbon 
monoxide occurs. •. '* 

The Japanese-ipade car witji this system does not yet meet the original stringent 
standards .(90 percent reduction from uncontrolled cars) fof emissions of nitro- 
gen oxides, but durability tests. suggest that the rotary with thermal reactor , 
is superior to the dual-catalyst system. Compared to 1973 conventional engines , 
however, the rotary uses morefiiel. A fuel penalty of 30 percent is predicted. f 
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Solutions: Gas Turbine — A Look Under the Hood 



The gas turbint is-pptentiatty 
reliable and^quiet.Jt uses a single 
combustion chamber and com- 
bustion is continuous. Power" is 
■generated yvhen heat expands 
gases from the combustor to drive 
a high-speed turbine. Power from 
^he moving turbine is then trans^ 
mitted through a set o'f gears to' 
the car's transmission. An % 
advantage of the turbirlfe is4hat * 
combustion can be adjusted for • 
v ( ery efficient burning of the fuels 
and minimu/n pollutants in the 
exhaust. However, it has problems 
of high *fuel consumption and 
low acceleration. 



1 IGNITER o o o ° 
FUEL" " ° 
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• Cost —^The Automobile*: Energy and the Environment, March 1974*. 



Table 6. Characteristics of Alternate Propulsion Systems 


(Note: Values arc* for 


engines onl)^ as 


synijiesi/ed 


in 1971) 




System Type* 


w - 

Power 


' Weight 
(lb) 


Tumomy 
(mpii) 


I'mi 

t ost 
(S) 


Hasehnc • Current Standard U'K 


165 hp 


965 


M4 


* 910 


Advanced Spark Ignition 1CT. 




. 930 


12 8 


1.277 


Advamcd Diesel System 


150 hp 


1125 


16 7 


T L84<; 


Rotary Combustion (WanRcl) System 


150 hp , 


730 


13 8 


I.2M 


Rankinc Cycle System 


150 hp 


1145 


. 110 


IJ20 


Hrayton Cycle (Gas 1 urbinc) System 


150 hp . 


785 


II 0 


2.220 


Stirling Cycle System 


^ 50 hp 


1560 




3.7*80 


Hybrid. Heat hnginc/Hectne (Ni-Zn) 


1 limine 
100 hp 

Storage 
1 1 3 Kw-hr 


1480 


12 5 


2,380 


* 

Hybrid: Heat lnginc/1 ly wheel 
♦ 


I ; nj*inc 
-J 00 hp 
S forage 
J 7 Kw-hr 


101(1 


125 


1,45! 


hlectne: Alkali Metal IJattcry (l.i-S) 


150 hp 


1410 


t -,. . 

\ Kw-hr/mi 


10.673 


Heelric 1'ucl (VII 


150 hp 


2110 


14.0 


10.000 
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APPENDIX F 
EXAMPLES FROM^TRACE METAL PRODUCT 
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.TABLE- V;i ' , 1 

./METALS IN BALTIMORE HARBOR, DELAWARE RIVER,. 
POTOMAC RWER AND- JAMES "RIVER SEDIMENTS 



Metal 


. Baltimore ° 
~Harbor22 


Delaware 
B4ver22 


Potomac . 
Riverl7, . 


James 
Riverl6 . 


Chromium | mg/kg 
Low 

Average 
High 


* 

in * 
SlkS 


0 

58 ■ 
* 172 


80 


• 

•NO 
DATA 


Copper, mg/kg- 
Low 

Average 
High 


3l|2 * 
2926 


4 

73- * 
201 


- f- ' * 
• . . 1U ° 

*' * 60 ., 


NO 
DATA 


Lead, mg/kg t 
Low 
. Average 
High 


<1 

3ia •- 

138?6 '. 


CSJ 

805 * 


.V , 

* on 
100 


_ u 

27 

55 - 


Zinc, mg/kg 
Low 

Average 
High 


****** 

. 31 
888 
601*0 


13? 

523* 
136U • 


125 
1000 


10 
131 

70,8 


Cadmium, mg/kg 
Low 

Average 
High o 


<r. 

6.3-6.6 

; 65k 


• <L 
2.9-3.1 
17 

— | 


<L 

.60 

• 


NO 
DATA 



Nickel, mg/kg 
Low 

Average 
• High 



12 

36' • 
9k " 



NO 
DATA 



20 * 

5 



• NO 
DATA 



'Sir- 



Manganese, mg/kg 

Low 121- 

^Average- 739 

. High - 2721 



NQ 1 
DATA 



500 
J48OO 



NO 
DATA 



Mercury, mg/kg 

Low <.01 

Average 1.17 

High 12.20 



. <-01 ^ 
- 1.99 ■ 
■ 6.97 1 



• .01 
•03 



.02 
.32 
1.00 



TABLE Vlii 23 ' 2k 

CONCENTRATION OF HEAVY METALS IN EARTH'S CRUST, AVG.' RANGE 

, ° [ i 



A 



, Metal - 




Range, 


• 

mg/kg 


vChromium 

W*4A VAII.L Mill 




TO 


inn on 


Copper 




1+.00 


- 55.00 


Lead 




7.00 


- 20.00 


r Zinc 




16.00 


- 95.00 


-3 Cadmium 




.05 


- .30 


Nickel 




.2.00 


r 75.00 


Manganese 




50.00 


- 1100.00 


Mercury 




' -, .03 


.hQ 
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